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EXECUTIVE SUMMARY

BACKGROUND

This limited field investigation (LFI) report summarizes the data collection and
analysis activities conducted during the 100-FR-1 Source Operable Unit LFI and the
associated qualitative risk assessment (QRA), and makes recommendations on the continued
candidacy of high-priority sites for interim remedial measures (IRM). The results and

... __recommendations presented in this report are generally independent of future land use
scenarios. This report is unique in that it is based on Hanford-specific agreements discussed
in the Hanford Federal Facility Agreement and Consent Order (Ecology et al. 1990), the
Hanford Site Risk Assessment Methodology (DOE-RL 1994a), the RCRA Remedial
Investigation/Feasibility Study Work Plan for the 100-FR-1 Operable Unit (DOE-RL 1992a),
and the Hanford Past-Practice Strategy (HPPS) (DOE-RL 1991), and must be viewed in this
context. The HPPS, described and justified in The Hanford Federal Facility Agreemen: and
Consent Order Change Package (Ecology et al. 1991), emphasizes initiating and completing
waste site cleanup through interim actions.

An LFI is required when existing data are insufficient to formulate a conceptual
model and perform a QRA. The purpose of the report is to identify those sites that are
recommended to remain as candidates for IRM, provide a preliminary summary of site
characterization studies, refine the conceptual model as needed, identify contaminant- and
location-specific applicable or relevant and appropriate requirements (ARAR), and provide a

- --gualitative assessment of the risks associated -with the sites.- This assessment includes
consideration of whether contaminant concentrations pose an unacceptable risk that warrants
action through IRM. An IRM is defined by the HPPS in broad terms and is not restricted to
limited- or near-term actions. Interim remedial measures are intended to achieve remedies
that are likely to lead to a final Record of Decision. The final decision to conduct an IRM
will rely on many factors including risk, ARAR, tuture land use, point of compliance, time
of compliance, a bias-for-action, and the threat to human health and the environment,

_ The unit managers assigned all known and suspected areas of contamination in the
- -- - -—-100-FR-1 Operable Unit either a high- or low-priority; as listed in Table ES-1. The
' - classification of sites was based on the collective knowledge of the three parties and
information contained in existing work plans. The site classification decisions were made
during joint meetings with the three parties and are documented by meeting minutes that are
part of the administrative record. Sites classified as high-priority were judged to pose risk(s)
through one or more pathways sufficient to recommend a streamiined action via an IRM.

Low-priority sites do not pose risks sufficient to recommend streamlining.

The 100-FR-1 Operable Unit is one of three operable units associated with the
oo -— - - -100 FR-Area at the Hanford Site. The 100-FR-1 and 100-FR-2 Operable Units address
contaminant sources while the 100-FR-3 Operable Unit addresses contamination present in
the underlying groundwater. The 100-FR-1 Operable Unit encompasses approximately
- 1.3 km® (0.5 mi®) and is located immediately adjacent to the Columbia River shoreline. In
general, it contains waste units associated with the original plant facilities constructed to
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support F Reactor operation, as well as the cooling water retention basin system and
biological laboratories for studying the effects of radiation on plants and animals.

The 100-FR-1 LFI began the investigative phase of the remedial investigation for a
select number of high-priority sites. The LFI was performed to provide additional data
needed to support selection, design and implementation of IRM, if needed. The LFI
included: data compilation, nonintrusive investigations, intrusive investigations at eight
high-priority sites, summarization of 100 Area aggregate studies, and data evaluation.

INVESTIGATION RESULTS

Three methods of intrusive investigation were used in the LFI: boreholes were
drilied, test pits were excavated, and surface soils were sampled. The samples were
submitted for laboratory analysis. One remote sensing technique was employed to
radiologically survey boreholes using downhole geophysical techniques to further delineate
the locations and levels of radiological contaminants. Materials removed from the boreholes
and test pits were screened in the field for volatile organic compounds and radionuclides to
assist in selection of sample intervals. Analytical data were validated. All data associated

with the LFI were evaluated.

Eight high-priority sites were intrusively investigated: 116-F-1, 116-F-2, 116-F-3,

-116-F-4,-116-F-6, 116-F-9, 116-F-14,-and the 108-F french drain. - One low-pricrity site

(132-F-1) was intrusively investigated because it was associated with the experimental animal
farm and is unique to the 100-FR-1 Operable Unit. Boreholes were drilled and sediments
sampled at 116-F-1, 116-F-2, 116-F-4, 116-F-6, 116-F-9, and 116-F-14. Test pits were
excavated and sediments sampled at 116-F-1, 116-F-3, 116-F-9, and 132-F-1 (low-priority
site}. Surface sediments were sampled at the 108-F french drain.

- Radiological contamination is the primary concern as confirmed through this study.
The principal radionuclides of concern are potassium-40, cobalt-60, strontium-90,
cesium-137, europium-152, europium-154, radium-226, thorium-228, and plutonium-238.
The highest concentrations of radionuclides were found in 116-F-4 pluto crib and the
116-F-14 retention basin samples. No Concentrations exceed potential soil ARAR, Model
Toxics Control Act (MTCA) Method B concentrations. Semi-volatile organic compounds
were detected in low concentrations, and were generaily below the contract required

concentration or likely are laboratory artifacts. Contaminant concentrations and locations
determined through the intrusive investigation generally confirm historical information such
as documented in Dorian and Richards (1978). The remaining high-priority sites in the
100-FR-1 Operable Unit were evaluated using data from analogous facilities in the

100 Areas. An expedited response action is not warranted based on the evidence of this
investigation.

ES-2
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QUALITATIVE RISK ASSESSMENT

A QRA was performed for the high-priority sites. Conservative assumptions such as
highest reported contaminant levels from either the LFI or historical data base were utilized.
The QRA provides estimates of human health risks assuming either frequent- or
occasional-use and includes considerations such as the attenuation of external dose provided
by layers of clean gravel fill that overlie many sites. The QRA identifies the human health
risk to be external exposure from the radionuclides cobalt-60, cesium-137, europium-152,
and europium-154. The QRA also provides environmental hazard quotient (EHQ) risk
estimates for the 100-FR-1 high-priority sites.

SITE EVALUATION CRITERIA

The 100-FR-1 high-priority sites were evaluated using the following criteria to
"identify and screen sites recommended to continue as an IRM candidates; a detailed
discussion of the criteria is provided in Section 5.2 of this report:

. The QRA provides risk estimates for human health and the EHQ ratings. Sites
with high or medium risks to human health for the occasional-use scenario are
recommended to continue as IRM candidates. High risk corresponds to an
incremental cancer risk (ICR) > 1E-02. Medium risk corresponds to an ICR
between 1E-04 and 1E-02. Low risk corresponds to an ICR between 1E-06
and 1E-04. Very low risk corresponds to an ICR of <1E-06. Sites with an

-~~~ ~_EHQ rating >t are also recommended to-continueas IRM candidates.

. If contamination at the waste site exceed a chemical-specific ARAR, that site

e e oS TECOMMENnded:- to-continue as an IRM candidate. The Washington State

MTCA Method B concentrations are potential ARAR for soil contamination,
as discussed in Section 3-20 of this report and in the 100 Area Feasibiliry
Study, Phases 1 and 2 (DOE-RL 1992¢). Model Toxics Control Act Method
B for soil contaminant concentrations are utilized because they are the accepted
regulatory guideline.

. If LFI results indicate that a site is a current source of groundwater
contamination then the site is recommended to continue as an IRM candidate.

. The conceptual model for the waste site includes sources of contamination,
types of contaminants, affected media, known and potential routes of
migration, known or potential human and environmental receptors, and the
general understanding of the site structure/process. If the conceptual model of
the site is found to be incomplete, collection of data needed to complete the
model through limited field sampling is recommended. Sites with incomplete
conceptual models are recommended to continug as IRM candidates.

. The potential for the contaminants at a site to be reduced by natural
attenuation, e.g., radioactive decay by the year 2018, may be a consideration
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for sites where the excess risk is caused by external exposure from
radionuclides with half lives of <30 years. This is not a consideration for
sites where multiple exposure pathways drive the risk.

IRM RECOMMENDATIONS

Table ES-2 presents the evaluation of the high-priority waste sites using the above
criteria, and the site-specific IRM candidate recommendations. The following sites are
recommended to continue as IRM candidates:

. 116-F-1, 116-F-2, 116-F-3, 116-F-6, 116-F-9, 116-F-10, 116-F-14, and {08-F
french drain.

. These additional sites are recommended to continue as IRM candidates.
116-F-8, 116-F-12, 116-F-13, UN-100-F-1, 132-F-6, and the Pacific
Northwest Laboratory outfall structure. Additional limited sampling is
recommended at these sites in order to complete their conceptual models.
Once the conceptual models are completed the sites shouid be reevaluated to
consider their continued candidacy for IRM.

The 116-F-4, 116-F-5, 116-F-11, and the Process/Discharge Pipelines are not
recommended to continue as IRM candidates because human and ecological risks are low,
soil contamination does not exceed ARAR, there is no impact to groundwater, and natural
attenuation will further reduce site risks. Action at these sites may be deferred until final

remedy selection.

ES-4
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Table ES-1 100-FR-1 Operable Unit High-Priority Sites and Low-Priority

Facilities

- High-Prioniiy Siies

116-F-1 Trench ~

116-F-2 Trench “*

116-F-3 Storage Basin Trench **
116-F-4 Crib * |

116-F-5 Crib

116-F-6 Liquid Waste Disposal Trench”

116-F-8 OQutfail Structure *
116-F-9 Trench ~

116-F-10 French Drain
116-F-11 French Drain
116-F-12 French Drain
116-F-13 French Drain
116-F-14 Retention Basins **
108-F French Drain ~
Process/Discharge Pipelines
UN-100-F-1 Spill

132-F-6 Waste Water Pumping Station

PNL OQutfall Structure

TVt mcai bu s

116-F-7 French Drain *
1607-F Septic tanks and Drain Fields *
132-F-1 Chronic Feeding Barn *

132-F-3 Gas recirculation Facility
demolition Site *

132-F-5 Filter Facility Demolition Site *

= Additional sampling conducted as part of a limited field investigation
= Additional data from an analogous facility (DOE-RL 1992a)

PNL Pacific Northwest Laboratory




[RARYS|

Waste Site Qualilaliv:a Risk Conceptual Exceeds Possible Potential for IRM
Estimation Model ARAR Current Natural Candidate |
Occasiona!-Usa 1 EHQ > 1 G:’::::;:?e' A::nzu;;i:n vesino
Scenario .
116-F-1  Lews Canal " Medium Adequate No Unknown No Yes
116-F-2 Basin Qverflow Trench Medium - Yes: Adequate No Unknown No Yes
116.F-3  Fuel Stoiage Basin Trench “Medium ¥ ¥Yes Adequate No Unknown No Yes
116-F-4  Pluto Cnb = Medium** Yes* Adequate NA Unknown NA No *=
116-F 6 Ligquid Waste Disposal =Trench Madium . .Ygs' . Adequate No No No Yes
116-F-6  PNL Anumal Waste Leach Trench Low Yes: Adequate No No Yes
116.F-14 Retention Basin ' Medium Yes Adequate No No Yes
108-F Fiench Dran Low Yes Adequate No No Yes
116-F-5 Bal Washer Crib Very Low No Adequate Unknown No Yes No
116-F-8 Outfall Structure Medium* Incomplate*.' Unknown*® Unknown™ Unknown* Yes”
116-F-10 Dummy Decontanmination French Meclium No Adequate Unknown No Yes Yes
Drain . :
1186-F-11 Cushion Coiridor French Drain Low No Adequate Unknown Unknown Yes No
116-F-12 French Drain Medium* - : iﬁcofnﬁlole‘ ' Unknown* No Unknown™ Yes*®
116-F-13 Experimental Garden French Drain Medium* Incamplete* Unknown™ No Unknown* Yes*
Process/Discharge Pipelines : Vary Low No Adequate Unknown Unknown Yes No
UN-100-F-1 i Low™ - aplete Unknown* No Unknown® Yes™
132-F-6 Litt Station Demolition Site Very Low* Unknown™* Unknown* Unknown™* Yes*®
PNL Outfall Structure Low* - Unknown* Unknown* Unknown* Yes*

- -

*n =

Not sampled, conceptual model is considered incomplete, risk is based upon analogous information
Qualitative risk reduced/removed by removal of contaminated material as part of the 100 Area Excavalion Treatabitity Test (DOE-AL 1994b)
{Qualitative Risk Estimation based upon LFI Borehole Data prior ta Treatability Excavation)
Not rated by the qualitative ecological risk assessment
Applicable or Relevani and Appropriate Regulation, specifically the Washington state Model Toxics Control Act Method B concentration values for soils

Erwironmental Hazard Quotient calculated by the qualitative ecological risk assessment (WHC 1993)

ARAR =

{DOE-RL 1992a)
EHQ =
NA = Not Applicable
Shaded ar

eas indicate driving factors keeping site as IRM candidale

SIS ANIOLII-YSIH 1-YA-001 40) suonepuaunuoeddy NI 7-S3 2Iqel
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- ---- ACRONYMS

ARAR applicabie or relevant and appropriate requirements
ASTM American Society for Testing and Materials
--—-CERCLA- - Comprehensive Environmental Response, Compensation and Liability Act
CLP Contract Laboratory Program
COPC contaminants of potential concern
CRQL contract required quantitation limit
DOE U.S. Department of Energy
EAF Experimental Animal Farm
Ecology Washington State Department of Ecology
EHQ environmental hazard quotient
EIl Environmental Investigation Instruction
EPA U.S. Environmental Protection Agency
~ERA expedited response action
FS fea51b111ty study
HPPS Hanford Past-Practice Strategy
ICR incremental cancer risk
IRM interim remedial measure
LFI limited field investigation
MTCA Model Toxics Control Act
NCRP National Council on Radiation Protection and Measurements
OVM organic vapor monitor
PCB polychlorinated biphenyl
PID photoionization detector
PNL Pacific Northwest Laboratory
GC quality control
QRA ‘qualitative nsk assessment
RCRA Resource Conservation and Recovery Act
RI - .- remedial investigation
-RL Richland Operations Office
sG specific gravity
TAL target analyte list
TBC to-be-considered
Tri-Party
Agreement Hanford Federal Facility Agreement and Consent Order
UTL upper threshold limit
vOC volatile organic compound

WHC Westinghouse Hanford Company

i
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1.0 INTRODUCTION

~ —— -~ This report summarizes the data-collection and analysis activities during the 100-FR-1

Operable Unit limited field investigations (LFI) as well as the results of the associated

- -~ —qualitative risk assessment (QRA). The Hanford Past-Practice Sirategy (HPPS) (DOE-RL

1991), described in the Hanford Federal Facility Agreement and Consent Order (Tri-Party
Agreement) Change Package (Ecology et al. 1991), emphasizes accelerated cleanup of
waste-sites. This accelerated cleanup is done through a process called interim remedial
measures (IRM). A LFI is required when waste sites are to be considered for IRM and
existing data are insufficient to formulate a conceptual model and perform a QRA. The
information gathered during the LFI activities is then used to aid in making decisions
regarding performing IRM. The objectives of the LFI are described fully in the RCRA
Remedial Investigarion/Feasibility Study Work Plan for the 100-FR-1 Operable Unit

. {DOE-RL _1992a), also referred to as_the 100-FR-1_Operable Unit Work Plan. Objectives

are:
. identify those high-priority sites that are recommended to remain as candidates
for IRM
. summarize data collection and analysis activities
. refine the conceptual model as needed
. provide a qualitative assessment of the risks associated with the sites.

To limit the size of this report, the reader is referred to other documents for specific
details. This LFI report is based on agreements discussed in these Hanford Site specific
documents:

. Hanford Federal Facilitv Agreement and Consent Order (Ecology et al. 1990)
*  Hanford Past-Practice Straregy (DOE-RL 1991)
. Hanford Site Risk Assessment Methodology (DOE-RL 1994a)

. RCRA Remedial Investigation/Feasibility Study Work Plan for the 100-FR-1
Operabie Unir (DOE-RL 1992a),

It is important to note that the methods and requirement for completing IRM, QRA,
and LFI reports are specific to the Hanford Site and may differ from activities with similar
names performed elsewhere. The methods and requirements used at the Hanford Site were
agreed to by the signatories of the Tri-Party Agreement.

Before LFI work began, the operable unit manageré assigned either a high- or

low-priority to all known and suspected areas of contamination in the 100-FR-1 Operable
Unit. Table 1-1 lists these sites and Figure [-1 shows site locations. The classification of

I-1
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sites was based on information from the work plans, historical information, and the collective
knowledge from Westinghouse Hanford Company (WHC) and its subcontractors, U.S.
Department of Energy - Richland Operations Office (DOE-RL), the U.S. Environmental
Protection Agency (EPA), and the Washington State Department of Ecology (Ecology). The
prioritization decisions were made during joint meetings with all the parties and are
~documented-in meeting- minutes that are part of the Administrative Record for the 100-FR-1
Operable Unit. Eighteen sites were classified as high-priority, they pose potential risk(s)
through one or more pathways sufficient to recommend cleanup via an IRM. Five
low-priority sites were identified which do not pose potential risks sufficient to justify
streamlining. The parties agreed that:

. none of the high-priority sites pose potential risks that would require an
expedited response action (ERA)

. LFI sampling was needed at 8 of 18 high-priority sites where data were
deemed insufficient to formulate a conceptual model and support the QRA

. certain activities would be more efficient to implement at the 100 Area
aggregate or Hanford Site scale rather than the operable unit scale.

This LFI report refines the conceptual model (a description of the contaminants and
their pathways to humans and the environment) and identifies other potential regulations
affecting cleanup (applicable or relevant and appropriate requirements [ARAR]}. The QRA
(summarized within the LFI report) uses both historical and the LFI data to show if
contaminants pose an unacceptable risk that warrants continuing a site on the IRM path. The
QRA is used only to assess risk for an IRM determination and is not intended to define
current risk or baseline risk in a traditional sense.

1.1 SITE BACKGROUND

The 100 F Area 1s located in the north-central part of the Hanford Site along the
southern shoreline of the Columbia River, approximately 32 km (20 mi1) northwest of the
City of Richland, in the south-central portion of Washington State (DOE-RL 1992a).

1.1.1 Operable Unit Background

The 100-FR-1 Operable Unit comprises the northern half of the 100 F Area and is
located immediately adjacent to the Columbia River shoreline, encompassing approximately
1.3 km? (0.5mi%) (See Figure 1-2 for location). It lies predominately within Section 33, the
eastern portion of Section 32, and the southeastern portion of Section 29 of Township 14N,
Range 27E. It is bounded by north/south Hanford Site plant coordinates N78500 and
N82500 and east/west coordinates W27600 and W33000 (DOE-RL 1992a).

The 100-FR-1 Operable Unit is one of three operable units associated with the 100 F
Area at the Hanford Site (see Figure 1-3). The 100-FR-1 and 100-FR-2 are source operable
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units, that address liquid effluent disposal sites, solid waste burial grounds, and their
underlying vadose zone. The 100-FR-1 Operable Unit contains waste units associated with

e ——__ __ the original plant facilities constructed to support F Reactor operations, cooling water

retention basin systems and biological laboratories used for studying the effects of radiation

_on plants and animals. The 100-FR-3 Groundwater Operable Unit addresses_contamination

that has migrated to the underlying groundwater.

The 100 F Reactor was the third Hanford reactor built to manufacture plutonium
during World War II. Fuel elements for the reactor were assembled in the 300 Area, and
the plutonium-enriched fuel produced by the reactor was processed in the 200 Area. The

" 100 F Reactor operated from 1945 to 1965, when it was retired. After the reactor was

retired, the buildings and facilities began decontamination and decommissioning to minimize

the potential spread of radioactive isotopes. The process is ongoing, although most of the
structures in the 100 F Area have been demolished.

Adjacent to the 100 F Reactor site was the Experimental Animal Farm (EAF), which
operated from 1945 until 1976. Deford (1993) provides a summary of EAF facilities and
their operational histories. This section summarizes that data.

The main biology laboratory for studying the effects of radiation on animals and plant
life was the 108-F building, which contained offices and laboratories. The earliest animal
research at 100 F began in 1945. These studies involved exposing fish to varying
concentrations of reactor cooling water effluent to assess possible effects of effluent discharge

--or aquatic life-in-the Celumbia River. -Studies-invelving-sheep began in-the-Jate 1940s and

studies involving swine began in 1952. Most of the work performed on these animals
involved 20-year lifetime exposure studies. At various times, pilot studies were performed
using milk cows, chickens, ducks, and miniature goats. A series of studies on the effects of
1onizing radiation on beagle dogs also took place.

-- Radioecology experiments were also conducied at the EAF. Greenhouses were used
for growing potted plants. Also, strontium garden plots were used for growing cereal grains,
alfalfa, and other crops in soil containing controlled amounts of strontium-90 and
cesium-137.

1.1.2 The 100-FR-1 Operable Unit Conceptual Site Model

The conceptual site model for the 100-FR-1 operable unit was developed during the
preparation of the remedial investigations/feasibility study (RI/FS) work plan. The
conceptual model as presented in the work plan addressed the following:

structure and process of the waste sites

source Of contaminants

type of contaminants

nature and potential routes or migration

known and potential human and environmental receptors.
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The conceptual model has been updated with data acquired through the LFI, and is
presented in Chapter 5 of this report.

1.2 THE HANFORD PAST-PRACTICE STRATEGY AND THE 100-FR-1 LFI

1.2.1 Hanford Past-Practice Strategy

The signatories to the Tri-Party Agreement (Ecology et al. 1990) recognized the need
for a new strategy of Resource Conservation and Recovery Act/Comprehensive
Environmental Response Compensation and Liability Act (RCRA/CERCLA) integration to
provide greater uniformity in the applicability of requirements to the Hanford Site.
Additionally, the signatories agreed that proceeding with the traditional CERCLA approach
would likely require too much time and too large a portion of a limited budget be spent
before actual cleanup would occur. Another motivation for a new strategy was the need to
coordinate past-practice investigations with RCRA closure activities since some operable
units contain RCRA treatment storage and disposal facilities.

In response to the above concerns, the three parties have decided to manage and
implement all past-practice investigations under one characterization and remediation
strategy, regardless of the regulatory agency lead (as defined in the Tri-Party Agreement).
The HPPS (DOE-RI 1991) was developed to expedite cleanup by initiating and completing
waste site cleanup through interim actions. The HPPS focuses on reaching early decisions by
maximizing the use of existing data consistent with the data quality objectives with
short-time-frame investigations, where necessary. As more data become available on
contamination problems and associated risk, the details for longer-term investigations and

| M .

siudies are betier defined.

The HPPS process (Figure [-3) includes three paths for intenim decision-making and a
- final remedy-selection process for-the operable unit that incorporates the three paths and
integrates sites not addressed in those paths. An important element of this strategy is the
application of the observational approach, in which characterization data are collected
concurrently with cleanup (DOE-RL 1991).

As shown in Figure 1-3, the three paths for interim decision-making are;

. The ERA path - used when an existing or near-term unacceptable health or
environmental risk from a site is determined or suspected, and a rapid
response is necessary o mitigate the problem.

. The IRM path without an LFI - used when existing data are sufficient to
formulate a conceptual model and perform a QRA. [f a determination is made
that an IRM 1s justified. the process will proceed to select an IRM remedy. If
necessary. a focused FS will be conducted to select a remedy.

1-4
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The LFI path - used to identify and gather the minimum additional data needed
to formulate a conceptual model and perform a QRA. This information is then
used to aid in decisions regarding performing ERA or IRM.

- -Although interim -actions- (ERA-and- IRM) may be used to mitigate specific
contamination problems, the process of final remedy selection must be completed for the
--operable

information obtained from the LFI and interim actions may be sufficient to perform the
-~~~ ~—~ - ~~baseline risk assessment, and to select the remedy for the operable unit. If the data are not
sufficient, additional investigations and studies will be performed to the extent necessary to
support the operable unit remedy selection. These investigations would be performed within
the framework and process defined for RI/FS programs.

MiMIL il LAWY Rl wld

unit and 100 Area National Priority List CERCLA site to reach closure. The

1.2.2 Application of the Hanford Past-Practice Strategy to the 100-FR-1 Operable Unit

- Implementation of the HPPS to the 100-FR-1 Operable Unit began with the
development of the RCRA Remedial Investigation/Feasibility Study Work Plan for the
100-FR-1 Operable Unit (DOE-RL 1992a). Following agreement on the past-practice .
strategy, the three parties rescoped the initial 100 Area work plans with a bias toward interim

LN aTe kRt

remedial action (Ecology et al 1991). The coliective knowledge and judgment-of the ifiree
parties and the information contained in the existing work plans were used to identify the
highest-priority waste sites in the 100-FR-1 Operable Unit and the paths to be followed to

T --—'rmpiement-

-‘HPPS.--The decisions-made during joint meetings-among the three-parties are

documented by meeting minutes that are part of the administrative record.

Table 1-1.

-The highest priority -waste sites in the 100-FR-1 operable unit are identified in

Limited field investigations were proposed for h following high-priority sites:

116-F-1 trench
116-F-2 trench

116-F-3 storage b

116-F-4 crib

116-F-6 liquid waste disposal trench
116-F-9 trench

108-F french drain

116-F-14 retention basins.

- Information gained from analogous sites was also used to make recommendations on

the contlnued IRM candidacy of high-priority waste tacilities in the 100-FR-1 Operable Unit,

where applicable. The knowledge gained from the characterization/remediation of other
100 Areas analogous facilities will be applied toward the remediation of these high-priority
sites in the 100-FR-1 Operable Unit., At these sites, further characterization will be
performed concurrently with remediation. using the observational approach.



DOE/RL-93-82

Thyeatt A
Lait A

1.3 HISTORICAL DATA

An integral part of the RCRA facility investigation/corrective measures study process
for the 100-FR-1 Operable Unit has been the acquisition, evaluation, and utilization of
records pertaining to the construction, operation and decontamination/ decommissioning of
the reactor and related 100 F facilities. This information is categorized as "historical
information," and includes operations records and reports, engineering drawings,
photographs, interviews with former or retired operations personnel, and data from sampling
and analysis of facilities and the local environment.

A primary reference for radiological characterization of the 100-FR-1 Operable Unit
sources is a study of the 100 Areas performed during 1975/1976 by Dorian and Richards
(1978). In the 100-FR-1 Operable Unit, Dorian and Richards (1978) collected samples from
the retention basins, liquid waste disposal trenches, outfall structures, and the miscellaneous
trenches, cribs, and french drains located near the F Reactor. The samples were analyzed
for radionuclides. Inventories of radionuclides for the facilities and sites were calculated.
Results from Dorian and Richards (1978) were a major resource used in the development of
the 100-FR-1 conceptual model and LFI needs. [t should be noted, however, that only
concentrations and inventories of selected radionuclides were reported in the study. In
particular, nickel-63, which is generally present at activities on the same order of magnitude
as cobalt-60, was not routinely reported for many sample locations and daughter product
radionuclides of strontium-90 and cesium-137, which have approximately the same activities
as the parent nuclides, were not included in summaries of total activity (DOE-RL 1992a).
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Figure 1-1 High-Priority Sites and Low-Priority Facility Locations
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Figure 1-2 100-FR-1 Operable Unit
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Flow Chart

Figure 1-3 Hanford Past-Practice Strategy Decision
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Figure 1-4 Map of 100 F Area Showing Source and Groundwater Operable Units
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* Tabie 1-1 - 100-FR-1 Operabie Unit High-Priority Sites and-Low-Priority
Facilities

High-Priority Sites

116-F-1 Trench °

116-F-2 Trench **
"116-F-3 Storage Basin Trench 7.

L

i16-F-4 Crib

£a
)

" 116-F-5 Crib

116-F-8 Qutfall Structure *

116-F-12 French Drain
116-F-13 French Drain

|- 116-F-14 Retention Basins =~
108-F French Drain *

Process/Discharge Pipelines

132-F-6 Waste Water Pumping Station

PNL OQOutfail Structure

116-F-6 Liguid Waste Disposal Trench *

Low-Priority Sites

" 116-F-7 French Drain *

1607-F Septic tanks and Drain Fields *

132-F-3 Gas recirculation Facility
demolition Site *

132-F-5 Filter Facility Demolition Site ~

--* = Additienal sampling-conducted as-part of-a limited-tield investigation
+ = Additional data from andanalogous tacility (DOE-RL 1992a)

PNL = Pacific Northwest Laboratory

[T-1
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2.0 INVESTIGATIVE APPROACH

- The-LFI activities for-the-sites-identified in the 100-FR-1 Operable Unit Work Plan
(DOE-RL 1992a) consisted of intrusive investigations, review of analogous site information,

- —evaluation of historical data, and completion of a QRA. Through this process, investigations

of all of the high-priority sites identified in the 100-FR-1 Operable Unit Work Plan
(DOE-RL 1992a) and one low-priority facility were completed.

------ The work plan-divides the site Tharacterization activities mio 13 tasks (including this

LFI report} most with several subtasks. Table 2-1 lists these tasks and subtasks, which were

_accomplished as part of the LFL, and the chapters in the LFI where the activities are

discussed. Additional reports that were generated as a result of the activity are also
referenced.

The LFI activities as well as the aggregate area investigations are discussed in greater

detail in the following sections. Results of 100-FR-1 Operable Unit field investigation
activities are discussed in Chapter 3 of this report.

2.1 100-FR-1 LFI SAMPLING AND FIELD ACTIVITIES

Field activities used to evaluate contamination at the high-priority sites identified in

- - -the-100-FR~1 -Operable Unit Work: Plan-(DOE-RL- 19922}, included- cable-tool drlling of

boreholes; backhoe excavations of test pits; field screening for evidence of volatile organics,
chromium, and radionuciides; sampling for physical properties and analytical constituents;
and borehole geophysical logging. The description of work (Ayres 1993a) provrded direction
for these field activities.

- Investigative methods were used which allowed appropriate sample extraction. After
the desired samples were taken. they were shipped offsite for laboratory analysis using
Contract Laboratory Program (CLP) and other standard analytical procedures. Analytical

llsted in Table QAPJP 1 or the Quahty Assurance Pro;ecl Plan in the 100-FR-1 Operable

Unit Work Plan (DOE-RL 1992a). The analytical results were returned for validation and
evaluation.

Nonintrusive tnvestigations of high-priority sites relied on historical data from past
sampling and analysis (Dorian and Richards 1978) and process knowledge Ground

cbstructions that might ‘affect borehote dnlllng or test pit excavation. Based upon survey
results, drill sites with the least likelihood of encountering identified obstructions were
recommended. A surface radiological survey was performed at the 116-F-14 retention

basins as part-of routine work to downgrade sites from a surface contamination area. In

addition, a surface-area walikover of the [00-FR-1 Operable Unit was done. The

" investigative approach taken at each high- and low-priority site is summarized in Table 2-2.
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Analogous data from intrusive LFI in the 100-BC-1, 100-DR-1 and [00-HR-1
Operable Units were applied to the LFI evaluation of several sites in the 100-FR-1 Operable
Unit. Each of the reactors and their support facilities in the 100 B/C, 100 H. and 100 D/DR
are simiiar in construction and use. Analogous data were utilized if no LFI data or historical
data were available. An analogous site is a site associated with one of the other 100 Area
reactors which has a similar process history, waste stream, and expected suite of
contaminants to a site in the 100-FR-1 Operable Unit. An analogous site does not
necessarily have the same geology or contaminant concentrations. Table 2-3 presents
100 Area analogous sites.

2.1.1 Vadose Zone Borehole Drilling and Test Pit Excavation

~-Six-boreholes—were -drilled at the 100-FR-1 Operable Unit to determine the nature and
vertical extent of contamination associated with the following high-priority waste sites:

116-F-1 lewis canal

116-F-2 basin overtlow trench

116-F-6 liquid waste disposal trench

116-F-9 Pacific Northwest Laboratory (PNL) animal waste leach trench
116-F-14 retention basin

116-F-4 pluto crib.

The location of the boreholes within each facility was chosen to represent the "worst
case" contamination, such as near locations of effluent inflow to the facility, or near the
center of the facility if the discharge point could not be determined (See Figure 2-1 for
sampling locations). These boreholes were advanced using cable-tool drilling methods and
were sampled with split-spoon samplers. The depth of each borehole was based on expected
waste depth and modified in the field based upon field screening resuits for radionuclides,
and volatile organic compounds (VOC) (DOE-RL 1992a). Field screening for hexavalent
chromium was performed on the last sample interval of each borehole. The hexavalent
chromium field screening is for general intormation only and was not used for any decision
making process for this report. Maximum drilling and sampling depth was 1.5 m (5 ft)
below the water table (Ayres 1993a). Boreholes were abandoned after all sampling and
geophysical logging were completed in accordance with Environmental Investigation
Instruction (EII) 6.7 (WHC 1988).

Five test pits were excavated (as part of Task 5) at waste sites in the operable unit:

. High-Priority Sites:
- 116-F-1 lewis canal (2 test pits) to depths of 5.5 and 6.0 m (18 and 20 ft)
- 116-F-3 fuel storage basin trench to a depth of 5.2 m (17 ft)
- 116-F-9 PNL animal waste leach trench to a depth of 5.8 m (19 ft).

. Low-Priority Site:
- 132-F-1 chronic feeding barn to a depth of 1.8 m (6 ft).

J
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A backhoe was used to extract the soii material from the test pits and to remove fill

material that overlies the sites. The samples from the test pits were collected directly from

oo —....._the backhoe bucket using hand tools and standard seil sampling techniques per EII 5.2,
Appendix I, (WHC 1988). The procedure was to remove a bucket of soil from the desired
sampling interval and bring it to the side of the test pit for sampling. Samples were coliected
from soil in the middle of the bucket, away from the bucket sides. Excavated soil was

~“screened for radionuclides, VOC and chrontiunt.— The chromium screening was not

performed at each test pit.

- cmemmemmes snooe s s proposed -borehole (DOE-RL-1992a) was to be drillad at the 108-F french drain.
To be more cost effective a grab sample was taken in place of the borehole at this french
drain, An auger was used to obtain two soil samples. The first soil sample was collected
from 1 ft to 1.5 ft and the second was taken at 3.5 ft.

2.1.2 Field Screening

e All material excavated from boreholes and test pits was field screened for evidence of
VOC and radionuclides. The screening was done to assist in the selection of sample
intervals and borehoie total depths. The volatile organics were screened using an organic
vapor monitor (OVM), that was used, maintained, and calibrated consistent with EII 3.2,
Health and Safety Monitoring Instruments, and EII 3.4, Field Screening (WHC 1988).
Radionuclides were screened by the field geologist, and all sample screening data were
recorded on the borehole logs per EIl 9.1, Geologic Logging (WHC 1988).

An action level was set for sampling radionuclides at twice the local background
level. The sampling action level for VOC was set at 5 ppm above background. The
background levels were determined prior to initiating drilling or excavation at a chosen
background site located outside of the operable unit. This information was recorded in the
field log book (or geologic log for boreholes).

Hexavalent chromium screening was performed on soil samples from the final sample

test klts was 10 ppm. The chromlum screenmg was done tor mformatxonal purposes only
and was not used in any decision making processes in this report; therefore, an action level
was not set.

2.1.3 Geophysical Logging

All boreholes were logged using a spectral gamma ray radiation logging system in
‘accordance with EII' I1.1 (WHC 1988). The objective of the borehole surveys was to
_ identify the presence and type of man-made gamma ray emitting radionuclides and the

relative activity levels. No geophysical logging was performed in the test pits.
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2.1.4 Sampling

Four types of samples were collected (as part of Task 5) during borehole and test pit
excavation: geologic samples (borehole), physical properties samples (borehole), analytical
samples (borehole and test pit), and archive samples (borehole). Geologic samples were
taken at approximately 5 ft intervals and at major stratigraphic changes to aid in preparation
of borehole logs. All of the sampling intervals were logged in feet and are likewise
presented in this report (1 ft=0.3048 m).

Four samples for physical properties analyses were collected from the borehole at the
116-FR-14 retention basin. The physical properties samples were taken at 5 ft intervals.
The primary objective for sample collection was to represent the principal soil types.

Analytical samples were collected from the boreholes and test pits in accordance with
EII 5.2, Soil and Sediment Sampling (WHC 1988). One sample was collected from the
surface soil at each borehole and test pit location prior to driiling or excavation., The
remaining analytical samples were collected based on the following criteria:

. If drill cuttings or exposed material in the backhoe were greater than or equal
to the action level for radionuclides (2X background) or VOC (5 ppm greater
than background), an analytical sample was collected at that point and
sampling continued at 5-ft intervals until two consecutive samples had
radionuclides or VOC field screening results less than the screening criteria.

. If drill cuttings or exposed material in the backhoe were less than the
established action level for radionuclides and VOC, the material from the test
pit or borehole continued to be screened. An analytical sampie was collected
at the maximum expected waste depth and sampling continued at 5 ft intervals
until two consecutive samples passed the screening criteria.

2.2 AGGREGATE AREA INVESTIGATIONS

The 100 Area aggregate studies and Hanford Site studies provide integrated analyses
of selected issues on a larger scale than the operable unit. The 100-FR-3 Groundwater
Operable Unit Work Plan (DOE-RL 1992b) addresses activities common to the 100 Area
such as a river impact study, shoreline studies, ecological studies, and cultural resource
studies. These studies provide data to be used in the LFI and in the selection of final
remedies.

2.2.1 100 Area Topography
The 100 Area operable units are topographically and environmentally similar. Each is
situated along the Columbia River bank. with the reactor located on a high gravel terrace left

by the recession of glacial floodwaters at the end of the Pleistocene. Shoreline areas grade
~ from steep banks with narrow cobble beaches to broad. stepped, well-defined floodplain

2-4
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terraces with gently sloping beaches. The floodplain terraces consist of sand deposited
during the Holocene and occur on at least two levels, one dating to the early or middle
Holocene and another representing the later Holocene. Inland areas are broad flats broken
only by stabilized dunes. The area from west of the 100 N Area to the western edge of the
100 D Area differs from this general pattern. Information on the geology specific to the

F Area can be found in Geology of 100-FR-3 Operable Unit Hanford Site, South-Central
Washington (Raidl 1993).

2.2.2 Ecological Investigation

Ecological surveys of the 100 F Reactor area were completed as described in
Appendix D-2, Ecological Investigations, of the 100-FR-3 Operable Unit Work Plan
(DOE-RL 1992b).

Ecological surveys and sampiing, related to CERCLA activities, have been conducted
in the 100 Areas and in and along the Columbia River adjacent to the 100 Areas. The field
investigations concentrated on bird surveys, mammal and insect surveys, vegetation surveys,

- and-sampling-of other various bieta for radionuclides and-inorganic- waste constituents.- Biota
. and_soil samples were collected from species and media with either a past history of

documented contaminant uptake or an important position in the food web. Sampling included

" reed canary grass, tree leaves, asparagus, soil excavated from mammal burrows, ant mounds,

raptor pellets, and coyote scat. These samples were analyzed for target analyte list (TAL)
analytes and selected radionuclides. The resuits of these sample analyses have been compiled

-and-are presented. in Landeen et al. (1993). - Other sampling results generated by sitewide

surveillance and facility monitoring programs that can be used in the evaluation of ecological
contamination are presented in Weiss and Mitchell (1992).

_. _._ .Except for zinc in_asparagus, Landeen et al. (1993) did not note any probable
contamination in environmental samples collected from the 100 F Area. Samples from
asparagus collected in the i00 F Area showed zinc concentrations as high as 97 ppm
(average control sample concentration was 61.75 ppm). Concentrations of other analytes
(inorganics and radionuctides) did not differ appreciably from collected control samples.

The area included within the former boundaries of 100 F Area is primarily dominated
by cheatgrass (Bromus tectorum) and rabbitbrush (Chrysothamnus spp.). Sand dropseed
(Sporobolus cryprandrus) can be found along the roadways. There are also numerous,
although scattered, remnant trees, including sycamores, mulberries, junipers, elms, and
poplars.

Much of the shorelme COnsists or large Cobbles and boulders. At the southern end of the

boundaries-of-the- 100 F Area the shoreline abruptly flattens inlo a rocky plain that eventually
-~ ~graduates into the backwater, wetland area known as F slough. The rocky plain has

populations of lupine (lupinus spp.) and Gray’s desertparsiey (Lomatium grayi).

1
n
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2.2.3 Cultural Resources Review

In compliance with Section 106 of the National Historic Preservation Act, and at the
request of WHC, the Hanford Cultural Resources Laboratory conducted an archaeological
survey of the 100 Area reactor compounds on the Hanford Site. This survey was conducted
as part of a comprehensive cultural resources review of the 100 Area Operable Units in
support of CERCLA characterization activities. The work included a literature and records
review and pedestrian survey of the project area following procedures established in the
Hanford Cultural Resources Management Plan (Chatters 1989).

Archeological surveys were completed at the 100 F Reactor Area (part of task 9) as
directed in the 100-FR-3 Groundwater Operable Unit Work Plan (Appendix D-3, Cultural
Resources Investigations) (DOE-RL 1992b).

Six archaeological sites were recorded in the 100-FR-1 Operable Unit during the
cultural resource survey (Chatters et al. 1992). Two of the sites are turn-of-the-century
homesteads, three are of undetermined age, and one dates back to the Cascade Phase
(Chatters et al. 1992). Before doing work that may impact these sites cultural resource
personnel must be notified.

2.3 SAMPLE ANALYSIS

Samples collected for chemical analysis were analyzed for the suite of CERCLA
target compound list and TAL constituents, specific anions, and radionuclides. Chemical
analysis was conducted using CLP methods. Analytical methods, routine analytical detection
and quantitation limits, and precision and accuracy specified for the methods are listed in
Appendix A, 100-FR-1 Operable Unit Work Plan (DOE-RL 1992a).

Samples collected for physical properties were evaluated using American Society for
Testing and Materials (ASTM) procedures. except bulk density. Bulk density was calculated
using a method developed by the laboratory contractor. The following parameters were
analyzed and/or calculated (includes applicable ASTM method numbers):

bulk density

particie size distribution (ASTM D422-63)

moisture content (ASTM D2216)

moisture retention (ASTM D2325-68, D3152-72)
saturated hydraulic conductivity (ASTM D2434-68).

2.4 DATA VALIDATION

Data validation was performed by a qualified independent participant contractor.
Data validation was pertormed in compliance with WHC Sample Management and
Administration Manual (WHC 1990). All data packages were assessed. The chemical and
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radiological analytical data were validated, but physical properties data were not. Results of
the data validation are presented in separate reports (Ayres 1993b and 1993c¢).

In addition to the data validation identified above, the LFI data were evaluated for use
in the LFI and QRA This evaluation included (1) an inventory of all samples collected

- (including t.ripwand equipm:nt) blanks. The sample inventory was conducted using multiple
information sources including project sample lists, borehole logs, sample tracking sheets, and
sample location maps.

Data compilation was done to verify that validation results were incorporated into the
analytical database and that the data qualifiers were listed. Rejected data were assigned the
- gualifier "R". -Data rejected for major quality deficiencies (e.g., technical concerns) were
— not used, however data rejected for administrative reasons (missing documentation) were
considered usable for the LFI and QRA. Data sources were Hanford Environmental
Information System, CLP analysis data disks, validated analytical reports, i.e., "Form 1"
sheets, and CLP data packages.

Laboratory and field blanks were used to evaluate each data set for common
laboratory contaminants or sources other than media contamination. This review was
conducted using the EPA's "five or ten times rule” (EPA 1988). The ten times rule applies
"to common laboratory contaminants, e.g., 2-butanong; acetone; “methylene chlonde, ioiuene,
and common phthalate esters. Detected concentrations of common lab contaminants had to
be > 10 times their corresponding blank value to be considered valid. Detected
concentrations of other contaminants had to be >3 times their corresponding blank value to

be considered valid.

Data marked with "J" or "R" qualifiers were uséd Tor the LFI and QRA as indications
of contamination present, as were data that had no qualifiers attached. Data that were
marked with "U" or "UJ" qualifiers were not used because these qualifiers indicate no
--contamination is- present above specified value. Data that were marked with "B" qualifiers
‘were evaluated using the EPA five and ten times rule 10 assess 1if they were usable.

2.5 HANFORD SITE BACKGROUND

Results of the characterization of the natural chemical composition of Hanford Site
soils is presented in Hanford Site Background: Part 1, Soil Background for Nonradioactive
Analytes (DOE-RL 1993a). The characterization included an analysis of physical properties
and factors that might affect the natural soil chemical composition, as determined by
regulatory protocols. Hanford Site soils have not been characterized to establish the natural
concentrations of the following types of constituents: VOC, semi-volatile organic
compounds. pesticides and polychlorinated biphenyl (PCB), and radionuclides. Because
sitewide background levels for organic and radionuclide constituents have not been
established, all detected concentrations of these constituents were considered as contaminants
of potential concern (COPC).

(]
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Table 2-4 presents the 95 percentile of the lognormal distribution and the lognormal
<= - - distribution 95% -upper threshold limits (UTL) for inorganic analytes of Hanford Site soils
(DOE-RL 1993a). Limited field investigation analytical data for inorganic constituents are
considered COPC if they exceed the 95% UTL values.
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Figure 2-1 Limited Field Investigation Intrusive Sampling Locations

| ,
! a ]
F 3 2 |
d N _ l
8 |
l 1001
L1 16=F=1C
Feeder Qitch
[N 148,000 L
! y 116-F=5C
1 16—F— 18 sz-r-ra B! 16~F=30D
11e=F=iA 116-F—14
Bockfil M ! = ”6-"—_2‘?\‘) \
132-F-J= ~ \
l o I o 9 r l \
- - _j R §—F-3 \
6] 116—F- .
—f—d !
r16-F tors  —
|
! 100-FR-2
4 E
N 147000 1] —
°
=]
§
L9
N f Avenue North ™. j
!
! Legeng |
7-@- Vodose Borehole Sampte Locgtion ‘
A Test Pit Location 0 300 Meters
® Auger Scmple Location : | ! | J
' i i | R
" SQURCE: ADAPTED FROM (DOE 1392a) ; 0 1000 Feet
I™N120793-F

2F-1



DQE/RL-93-82
Draft A

Table 2-1 100-FR-1 Operable Unit Characterization Activities (Page 1 of 2)

Task Title Where Addressed
1 Project Management Accomplished throughout project.
2 Source Investigation See subtasks below.
2a Source Data Compilation and Background information is incorporated into the work plan,
Review QRA, and LFI reports as appropniate (for historical information
see Deford 1993).
2b Surveying Coordinates and locations of sampling sites are documented in
the LFI report (Chapter 2 and 3) (see Ayres 1993a for sampling
locations).
2c Field Activities Field activity results are in the LFI report. Ground Penetrating
Radar surveys were completed as part of the LFI {(Bergstrom
1993a, Bergstrom 1993b, Bergstrom 1993c¢, Bergstrom 19934,
Bergstrom 1993e, and Mitchell 1993).
Analytical results and data validation are documented in data
2d Source Sample Laboratory validation reports referenced in Chapter 2 of LFI report (Ayres
Analysis and Data Validation 1993b and Ayres 1993¢).
Source Data Evaluation The data were evaluated tor use in the QRA and also evaluated
2e in the LFI report.
"3 “Geologic Investigation Coordinated through the 100-FR-3 Operable Unit tasks (Raidl
1993).
4 ...l . Surface Water and Sediments- - |- -Net-applicable+o - 100-FR-1,
Investigation
5 Vadose Zone Investigation See subtasks below.
5a Data Comptlation See subtask 2a.
5b Borehole Soil Sampling and Results ot the borehole investigations are presented in the LFI
Logging report (Chapter 3). Boreshole logs are displayed in the figures in
the LET report (Chapter 3) (for validated data reference Ayres
1993h).
5c Test Pit Sampling Results of test pit investigations are presented in the LFI report
. {Chapter 3} {tor validated data see Ayres 1993b and 1993c).
e The analysis and validation are Jocumented in the data validation
5d Soil Sample Analysis reports referenced 1n LFI report (Chapter 2) (see Ayres 1993b
and Ayres 1993¢).
The resuits 1 the geophysical logging are reported in the LFI
5e Geophysical Logging report {Chapter 3 and Appendix B).
The data were evaluated for use in the QRA and also evaluated
5f Data Evaluation in the LFI report.

2T-1a
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Table 2-1 100-FR-1 Operable Unit Characterization Activities (Page 2 of 2)

Task Title Where Addressed

6 Groundwater Investigation Performed as part of the 100-FR-3 Operable Unit activities
(reference 100-FR-3 Operable Unit Work Plan [DOE-RL
1992b1).

- Jes —]..Alr-Investigation Routine heaith and safety monitoring was performed during the
field activities.

8- 1Ecological Investigation - - { A discussion of the ecolagical investigation is included in the LFI
: e e o raport {Chapter 2) {for specific details on ecologic activities see
Landeen et al. 1993)

9 Other Task See subtask below.

92 - 1 .Cultural Resource 1 -A discussion of the cultural resource investigation is- included in

- -—--- |- Investigation-—-— -——- - --—{-the-LFI report {Chapler 2) Chatters 1992 for specific cultural
resource investigations).

10 Data Evaluation Evaluation and interpretation of the data is accomplished is the
QRA and LFI reports. The evaluation of the data for other
purposes such as large scale remediation, FS activities, and
treatability testing is ongoing.

11 Risk Assessment The data generated during the LFI were used is the QRA.

lla Human Health Evaluation The QRA and summarized in the LFI report {Chapter 4).

b Ecological Evaluation The QRA and summarized in the LFI report (Chapter 4).

12 Verification of ARAR ARAR are listed in the LFI report (Chapter 3).

.13 LFI Report
— e ————— ————————————————————— |

Louree: {DOF RI 19972 a}

FS = feasibility study
LFI = limited field investigation
QRA = qualitative risk assessment

ARAR = applicable or relevant and appropriate requirements

2T-1b
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Table 2-2 LFI Investigation Activities for 100-FR-1
Operable Unit High-Priority Sites (page 1 of 3)

Site Name - Size Comments LFI
Approach
116-F-1 Lewis Canal Received liquid waste from F B,C, G,F,
914m x 12m x 3m deep Reactor and 190-F building H, T
and decontamination wastes
from 189-F Building
116-F-2 107-F Basin Overflow Received overflow from B, C, G, F,
Trench 116-F-14 retention basin and R, H
91m x 15m x 5m deep F Reactor
116-F-3 105-F Fuel Storage Basin Received cooling water T, C, F, H,
Trench effluent and sludge from the F | R
30m x 3m to 6m x 2.4m Reactor storage basin
deep
116-F-4 105-F Pluto Crib Received cooling water from Tr, C, B, F,
process tubes containing G,R,H
ruptured fuel elements
116-F-5 Ball Washer Crib Received waste from N, H
91m x 30m x 3m deep decontamination of irradiated
boron-steel balls
116-F-6 1608-F Liquid Waste Received diverted cooling B, C, G, F,
Disposal Trench water effluent during reactor R, H
maintenance outages
116-F-8 1904 Qutfall Structure Received cooling water from N, H
8m x 4m retention basin
"116-F9 | PNL Animal Waste Leach | Contaminated wash/waste B,C, G, F,
Trench water from animal pens, R, T,H

(two trenches connected
together) - long trench
122m x 5m x 3m deep
short section - 30m x 3m x
3m deep

containing strontium-90 and
plutonium-239

2T-2a
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Table 2-2 LFI Investigation Activities for 100-FR-1
Operable Unit High-Priority Sites (page 2 of 3)

Site Name - Size Comments LFI
Approach
-l 116-F-1Q .. 103-F. Dummy - Received spent nitric acid and | N,H
Decontamination French rinse water from the
Drain " [ - decontaminaiion of fuel
element spacers at F Reactor
116-F-11 | 105-F Cushion Corridor Received cushion corridor N, H
' French Drain decontamination waste
Im x Im deep )
116-F-12 | 148-F French Drain Received overflow, priming N, H
— | 2mxlImdeep - water, etc. from 148-F pump
7 ) house
e ..-..116.-13-13 .llfji.-E Experimental Received cooling water N, H
Garden French Drain effluent used in botany
Im x 1m deep experiments
116-F-14 | 107-F Retention Basin Received cooling water B, C, P, G,
137m x 70m x 7m deep effluent from F Reactor and F,H, S, R
reactor building drains
108-F French Drain Received condensate from Gr, H, C
hoods inside the 108-F
biology laboratory
Process/Discharge Transferred process and N, H
Pipelines _reactor discharge effluents
UN-100-F-1 (spill) Main sewage line from 141-C | N, H
to 141-M became plugged and
- - - ~1-$pread -contamination on the
ground
- 132-F-6 | 1608-F Waste Water Pumped miscellaneous N, H
Pumping Station effluent from F Reactor drain
1Im x 10m systems to the 116-F-14

retention basin

2T-2b
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Table 2-2 LFI Investigation Activities for 100-FR-1
Operable Unit High-Priority Sites (page 3 of 3)

Site Name - Size Comments LFI
Approach
PNL Outfall Structure Used as an outfall for N, H
contaminated wash water for
animal pens

B = Vadose zone borehole - drilling, geologic logging, and sampling

= Chemical and radionuclide analysis

= Physical properties analysis of samples

Borehole spectral gamma ray geophysical log

= Field screening-forradioactivity; volatile erganic-compounds; and-hexavalent
chromium

R = Ground penetrating radar to position boreholes and test pits

T = Test pits

Gr = Grab sample

N = No intrustve investigation

H = Historical data reviewed

Tr = Treatability test

S = Surface contamination survey

PNL = Pacific Northwest Laboratory

LFI = limited field investigation

Source: (DOE-RL 1992a)

MQYO
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Table 2-3 100 Area Analogous Sites

Waste Site Description 100-8/C 100-0/0r 100-H Area 100-F Area

Area Site Area Site Site Site

Process Effluent Disposal Trench 116-B-1 116-DR-1 116-H-1 116-F-.2
116-C-1 116-DR-2

Fuel Storage Basin Trench 116-B-2 116-D-1a None 116-F-3

116-0-1b

Cummy Decontamination French Drain 116-8-4 None 116-H-3 116-F-10

Procesas Effluent Retention Basin 116-B-11 116-0-7 116-H-7 t16-F-14

: - - 118-C-5 116-DR-8

Reactor Confinement Seal Pit Drainage 118-B-12 118-0-9 118-H-9 None

Crib

Process Effluent Outtail Structure 116-8-7 116-0-5 116-H4-5 116-F-8
132-B6 116-DR-5
132-C.2

Process Effluent Pipelines Process Process Process Process
Eftluent Effluent Effluent Effluent
Pipelines Pipelines Pipelines Pipelines

Effluent Pumping Station None 132-D-3 132-H-3 132-F-6

Exhaust Air Filter Building 132-B-4 117-D 132-H-2 None

Pluto Crib 116-B-3 116-D-2a 116-H-4 116-F-4
116-C-2a

Gas Recircuiation Building 132-B-5 115D None 132-F-6

Cushion Corridor French Drain None 116-D-6 None 116-F-11

source: adapted from (DOE-AL 1992a)
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Table 2-4 Summary Statistics and Upper Threshold Limits

for Inorganic Analytes

Analyte 95% Distribution* (mg/kg) 95% UTL*(mg/kg) J
Aluminum 13,300 15,600
Antimony NR® 15.7°
Arsenic 759 8.92
Barium 153 171
Beryllium 1.62 1.77
Cadmium NR 0.66"
Calcium 20,410 23,920
Chromium 234 279
Cobalt 17.9 19.6
Copper 253 282
Iron 36,000 39,160
Lead 1246 1475
Magnesium 7.970 8,760
Manganese 562 612
Mercury 0614 125
Nickel 24 233
Potassium 2,660 3,120
Selenium NR 5
Silver 1.4 27
Sodium 963 1,290
Thailium NR T
Vanadium 982 111
Zinc 733 ™
Molybdeaum NR 14
Titanium 3,00 3570
Zirconjum 473 5713
Lithium 35 371
Ammonia 153 282
Alkalinicy 13,400 23,300
Silicon 108 192
Fluoride 6.4 12
Chloride 303 763
Nitrite NR 21°
Nitrate 96.4 199
Ortho-phosphate 37 16
Suifate 580 1,320

Source: DOE-RL 1993
* NR= Not Reported

* 95th percentle of the data for a lognormal distribution
* 95% coanfidence limit of the 95th percentile of the data distribution

¢ Limit of detection

2T-4
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3.0 INVESTIGATION RESULTS AND CONCLUSIONS

This chapter presents results and conclusions from the investigations of the
high-priority sites, and at one low-priority site in the lOO-FR 1 Operable Unit. Sections 3.1
.. .through 3.8 address the.eight high- ~pricrty-sites where intrusive {ield activities occurred.
~ Sections 3.9 through 3.18 address the nonintrusive investigations that occurred at the
remaining high-priority sites. Section 3.19 presents results of sampling at the 132-F-1
low-priority facility. - Section 3.2 presents-a-summary of potential"ARAR for the 100-FR-1
Operable Unit.

7777777 _ The following types of data are presented in discussions of the investigated sites:
o Site location, size, characteristics, history, and expected contaminants.
. geologic data obtained during the investigation.
. Analysis of results from offsite laboratory analyses of soils samples for VOC,

semi-volatile organic compounds, metals, pesticides, PCB, radionuclides, and
on-site laboratory analyses of physical properties. Data validation qualifier
codes associated with specific analyses are included in tables at the end of
Chapter 3 and in the analytical data appendices.

. Field screening data collected using hand-held instruments during sampling.
Field screening was intended to assist in selection of sample intervals and to
determing the depth at which.drilling-and- sampling was-stopped. - Field
screening data are qualitative; the identification of specific constituents and
their concentrations are provided by the analytical results from the offsite

laboratories.
________ be Borehole spectral gamma geophysical logging results
¢ Results of the comparison of data collected during the 1992 LFI and data from

previous "historical” investigations at the site.

. Data applicable to the 100-FR-1 LFI that were obtained from the vadose zone
during the LFI of the 100-FR-3 Groundwater Operable Unit.

. Concentrations of chromium and strontium-90 in groundwater from monitoring
wells downgradient and upgradient of the high-priority sites are reviewed to
_ assess the potential impact on groundwater .in.the uppermost unconfined
aquifer. Chromium and strontium-90 were dominant risk-drivers for the
100-FR-3 groundwater as analyzed in the 100-FR-3 QRA and LFI (DOE-RL
1994b).

3-1
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3.1 116-F-1 LEWIS CANAL

The 116-F-1 (lewis canal) is an inactive liquid waste site that operated from 1953 to
1965. The canal is an unlined surface drainage feature measuring approximateily 914 m
(3000 ft) long and 12 m (40 ft) wide, with an average depth of 3 m (10 ft). The headwall is
located 229 m (750 ft) northeast of the reactor building where the canal flows to the west but
immediately bends northward and terminates at the Columbia River. The southern third
(upstreamn) of the 116-F-1 trench is marked by permanent concrete monuments and
"Underground Radioactive Material" wamning signs. This portion of the trench has been
fully backfilled and is covered with large cobbles. It continues to be treated with herbicides

~and no vegetation grows on its surface. Its headwall has also been buried and no portion of

it is visible. The northern (downstream) two-thirds has no monuments or warning signs
place.

Two 1.2 m (4 ft) deep feeder ditches drained into the canal. The southern (upstream)
feeder ditch provided drainage for the 183-F filter plant and the northern (downstream)
feeder ditch provided drainage for the 182-F reservoir and pump house. The southern
(upstream) feeder ditch has been backfilled and is covered with grass and no monuments or
warning signs mark this ditch. The ditch was fed by a 1.2 m (48 in.), extra-strong,
reinforced concrete pipe before decommissioning, and it is unclear if this pipe remains in
place (Deford 1993). The northern (downstream) feeder ditch has not been backfilled. It
has a concrete headwall that is protected by a double-railed wooden fence in poor repair.
‘The opening in the headwall reveals-a- 1.2 m (48-in.) reinforced concreie pipe running from
the direction of the 182-F building. The headwall area is filled with tumbleweeds. No
monuments or warning signs mark this ditch.

An estimated 100,000,000 I of waste entered 116-F-1 from 105-F, 182-F, 189-F, and
190-F buildings. In addition to radionuclide contamination, 116-F-1 also received

approximately 100 kg (220 Ibs) of sodium dichromate and an estimated 10,000 kg

(22,000 1bs) of sulfamic acid (DOE-RL 1992a).

Figure 3-1 shows the locations of borehole 116-F-1A, and testpits 116-F-1B and
116-F-1C that were investigated during this LFI.

This site is characterized by fill material to a depth of approximately 8 ft bls. The O
to 4 ft bls interval is composed of gravelly sand (approximately 80% sand). The soils from
4 to 22 ft bls (total depth of borehole 116-F-1A) are composed of sandy gravel (Figure 3-4).
3.1.2 116-F-1A Borehole Soil Samples

The 116-F-1A vadose zone borehole was drilled to a total depth of 6.1 m (22 fi) bls.
Four soil samples were collected for chemical and radionuclide analysis; BOSON1 (0-2 ft bls),
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BO8ON2 (9.5-11 ft bls), BOSON3 (14.5-16.2 ft bls), and BO8ON4 (18 to 20 ft bls).
Figure 3-6 is a summary diagram of the 116-F-1A borehole.

3.1.2.1 Chemical Analysis. Volatile organic compounds acetone, methylene chloride, and
toluene were detected in 116-F-1A. Toluene was detected in all four soil samples, The
maximum detection was in sample BOBON4 (36 ug/kg) and was the only VOC that was
detected above the contract required quantitation limit (CRQL) 10 ug/kg. The volatile
organic analytical results are presented in Table 3-1.

_ Semi-volatile organic compounds bis-(2-ethylhexyl)phthalate and di-n-butylphthalate
were detected in sample BOBONI at 360 and 120 ug/kg respectively. Di-n-butylphthalate was
also detected in samples BOBON2 and BOBON3 at 130 and 150 ug/kg, respectively. Sample
BO8ON4 was not analyzed because of a broken sample container. The detected semivolatile

organic analytical results are presented in Table 3-1.

No pesticides or PCB compounds were detected in samples BOSON1, BO8ON2, or
BOBON3. No analytical results were obtained from sample BOS8ON4 due to a broken

container.

T ¥ ccechntmtigns of arsenic -(44 mg/kg)-and lead- (’207 mg/kg} in sample BO8ON1

Tgxeesd the Hanford Siie¢ packground §5% UTL vaiueés of 8.92 mg/kg and 14.75 mg/kg. No
other inorganics were detected above the Hanford Site background 95% UTL. The detected
inorganic analytical results are presented in Table 3-1.

3.1.2.2 Radionuclide Analysis. Table 3-1 presents a summary of the detected
radionuclides. Gross alpha was detected at 5.5 pCi/g in sample BOBON1, gross alpha was
not detected below this interval. Gross beta levels were from 13 pCi/g to 21 pCi/g. The
maximum detected radionuclide was carbon-14 at 220 pCi/g in sample BO8ON2. The only
other radionuclide detected above 1 pCi/g was potassium-40, with a maximum of 12 pCi/g in

- vw

samme BUSUNL.

3.1.2.3 Field Screening. The well site geologist performed field screening for VOC using
an OVM photoionization detector (PID). Ambient VOC background at the start of drilling
was 0.6 ppm. No VOC were detected during the investigation of this site.

Radioactivity was monitored during drilling using a Ludlum 14C portable scintillation
detector with a gross gamma probe. The gross gamma background level for the site was
1,800 cpm, and gross gamma action level was 3,600 cpm. The maximum observed gross
gamma level was 2,500 cpm in the 2 ft to 4 ft bls interval which is within the fill material.
Background levels were not exceeded in the interval from 4 ft to 22 ft bls (total depth of
borehole).

The well site geologist also performed an analysis for hexavalent chromium on the
soil at 22 ft bls. No chromium was detected.

3.1.2.4 Geophysical Borehole Logging. Borehole 116-F-1A was logged from O ft to
16.5 ft bls; 5.5 ft less than total depth. The man-made radionuclides detected were:
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cobalt-60, cesium-137, europium-152, europium-154. The man-made radionuclides all
peaked in activity between | ft and 6.5 ft bls. The maximum levels detected for all the
man-made radionuclides were found at the 3.5 ft bls interval. Cesium-137 was detected from
1 ft to 5.5 ft bis, with a maximum calculated activity of 4 pCi/g. Cobalt-60 was detected
from 1 ft to 5 ft bls, with a maximum calculated activity of 4 pCi/g. Europtum-152 was
detected from 1 ft to 5.5 ft bls, with a maximum calculated activity of 20 pCi/g.
Europium-154 was detected from 1 ft to 6.5 ft bls, with a maximum calculated activity of

3 pCi/g.

3.1.3 116-F-1B Test Pit Soil Samples

The total depth of the 116-F-1B test pit was 17 ft bls. Soil sample numbers and
depths were: BO8GO5 at 1 ft, BOBG66 at 5 ft, BOBG67 at 10 ft, and B08G68 at 15 ft bls.
Figure 3-7 is a summary diagram of the 116-F 1B test pit.

3.1.3.1 Chemical Analysis. Volatile organic compounds detected above the CRQL

(10 ug/kg) were acetone and toluene. The maximum concentration of toluene was in sample
BO8G65 (42 ug/kg). The maximum detected concentration of acetone was in sample BO8G68
(13 ug/kg). Table 3-2 presents a summary of the detected VOC in the 116-F-1B test pit.

No semt-volatile organic compounds were detected above the CRQL of 330 ug/kg.
Table 3-2 presents a summary of the semi-volatiles that were detected.

No pesticides or PCB were detected.

No inorganic constituents or metals were detected in concentrations above the
Hanford Site background 95% UTL.

3.1.3.2 Radionuclide Analysis. The following radionuclides were detected: potassium-40,
cesium-137, radium-226, thorium-228, and thorium-232, uranium-233/234, uranium-238.
Gross alpha ranged from 7 pCi/g in sampie B0O8G68 to 12 pCi/g in sampie BOBG65. Gross
beta readings were constant at 16 pCi/g with the exception of sample BO8G65 (14 pCi/g).
The maximum radionuclide concentration was 14 pCi/g of potassium-40 in sample BO8G65
and in B08G67. All other radionuclide detections were <1 pCi/g. Table 3-2 provides a
summary of the radionuclide detections.

3.1.3.3 Field Screening The well site geologist performed field screening for VOC using

- LI

- an OVM PID.- ‘No VOC were detected during the investigation of test pit 116-F-1B.
Radioactivity was monitored during drilling using a Ludlum 14C portable scintillation
detector with a gross gamma probe. No radiation was detected above background during the

investigation of the 116-F-1B test pit.

The hexavalent chromium field test was not performed on the last sample due to
sluffing of the wails of the test pit.

3-4



ni4553

DOE/RL-93-82
Draft A

The total depth of the 116-F-1C test pit was 20 ft bls. Nine soil samples, four of
which were quality control (QC) samples, were collected and submitted for chemical and
radiological analysis. The sampling intervals were: 1 ft, 5 ft, 10 ft, 15 ft and 20 ft bls.
Figure 3-8 is a summary diagram of the 116-F-1C test pit.

3.1.4.1 Chemical Analysis. Volatile organic compounds that were detected above the
CRQL were: acetone (15 ug/kg), methylene chloride (12 ug/kg), and toluene (57 ug/kg),
all of which were detected in the 1 ft interval. Methylene chloride was only detected in the
split sample. Concentrations for acetone and toluene are questionable due to the presence of
contamination in the field blank sample. Tabie 3-3 presents the detections of volatile
organics in the 116-F-1C test pit.

Bis(2-ethylhexyl)phthalate was detected at 470 pg/kg in the surface (split) sample, no
other detections were above the CRQL in the 1 ft interval or in the 116-F-1C test pit.

Table 3-3 presénts a summary of the semi-volatile detections.
No pesticides or PCB were detected.

Zinc (142 mg/kg) in the surface sample was the only inorganic above the Hanford
Site background 95% UTL. Table 3-3 presents a summary of the detected inorganic
compounds.

-3.1.4.2 Radionuclide Analysis. The radionuclides detected were: potassium-40,
strontium-90, cesium-137, radium-226, thorium-228, thorium-232, uranium-233/234, and
uranium-238. Gross alpha ranged from 6.4 pCi/g in the 20 ft bls interval to 14 pCi/g in the
surface sample. Gross beta ranged from 13 pCi/g in the 10 ft interval to 35 pCi/g in the
surface sample. All radionuclides were <1 pCi/g, with the exception of potassium-40.
Table 3-3 presents a summary of the radionuclide detected.

3.1.4.3 Field Screening. The well site geologist performed field screening for VOC using
an OVM PID. No VOC were detected during the investigation of test pit 116-F-1C.

===~ Radioactivity was-monitored during drilling using a Ludlum 14C portable scintillation
detector with a gross gamma probe. No radiation was detected above background levels
during the investigation of the 116-F-1C test pit.

The well site geologist also performed an analysis for hexavalent chromium on the
soil at 20 ft bls. No chromium was detected above the detection limit (10 ppm).
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Volatile organic compounds detected during the LFI of the lewis trench were;
acetone, methylene chloride, and toluene. The VOC detections are most likely attributable to
sampling media or laboratory contamination. Toluene was detected in borehole 116-F-1A
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and test pits 116-F-1B and 116-F-1C, the highest concentration of toluene was 57 ug/kg in
the 1 ft intervail of the 116-F-1C test pit. Acetone was detected slightly above the CRQL in
both test pits with a maximum detection of 15 ug/kg in the 1 ft interval of test pit 116-F-1C.
Methylene chloride was detected above the CRQL only in 116-F-1C at 12 pg/kg. All
maximum VOC were detected in the 1 ft interval sample of test pit 116-F-1C. No historical
records indicate that acetone, methylene chloride, or toluene were disposed of in the
100-FR-1 Operable Unit.

Bis(2-ethylhexyl)phthalate was the only semi-volatile organic compound detected
above the CRQL (330 pg/kg) with a maximum of 470 ug/kg in the 1 ft interval split sample,
values for the 1 ft interval sample and the duplicate sample have values less than the CRQL.
(Table 3-3). The uses of phthalates include solvent, plasticizer, plastics, and insecticides.
Bis(2-ethylhexyl)phthalate was also used as a vacuum pump oil (Sax and Lewis 1987). No
pesticides or PCB were detected.

Inorganic constituents detected above the Hanford Site background 95% UTL were:
arsenic, lead, and zinc. Arsenic and lead were only detected in the 116-F-1A borehole in the
0 ft to 2 ft bls sample at 44 mg/kg and 207 mg/kg respectively. Zinc was detected at
142 mg/kg in the 116-F-1C test pit surface sample. No inorganic constituents were detected
" at levels above the Hanford Site background 95% UTL below 2 ft bls. Historical sampling
data for organic, inorganic, and nonradionuclide constituents are not available for
comparison.

Radionuclides detected during the lewis canal LFI were: carbon-14, potassium-40,
strontium-90, cesium-137, europium-152, radium-226, thorium-228, thorium-232,
uranium-233/234, uranium-238, and plutonium-239/240. The maximum gross alpha reading
was found in the 116-F-1C test pit surface sample at 14 pCi/g. The maximum gross beta
result was found in the 116-F-1C test pit surface sample at 35 pCi/g. Samples in borehole
116-F-1A showed consistent elevated values of carbon-14 with a maximum of 220 pCi/g.
Potassium-40 was detected at elevated consistent values with a maximum of 14 pCi/g found
in several samples. Both carbon-14 and potassium-40 are naturally occurring radioisotopes.
No other radionuclides were detected in excess of | pCi/g. Field screening detected
radionuclide contamination in the 2 ft to 4 ft bls interval of the 116-F-1A borehole,
background levels were not exceeded in the 4 ft to 22 ft interval or in either 116-F-1B or
116-F-1C test pit. Radionuclide detections in laboratory samples verses no detections above
background in field screening are likely attributed to differences in their detection limits.
Geophysical borehole logging of the 116-F-1A borehole showed maximum levels of man-
made radionuclides at the 3.5 ft bls interval.

Dorian and Richards (1978) investigation of the lewis trench consisted of 14 soil
borings. The maximum sample depth investigated was 15 ft bls. Radionuclides detected
_were tritium, cobalt-60, strontium-90, cesium-134, cesium-137, europium-152,
europium-154, europium-155, and plutonium-239/240. The maximum levels of radionuclide
contamination were found in soil boring "G" at a depth of 3 ft bls. The analytical results
and soil boring locations are presented in Appendix A.

No analogous sites were investigated by LFI for comparison.
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3.1.6 Groundwater Assessment

Figures 3-4 and 3-5 present maximum concentrations of chromium and strontium-50

- in 100-FR-3 groundwater from December 1992 through July 1993 sampling rounds

(DOE-RL 1994b). Monitoring well 199-F7-2 is located downgradient of the 116-F-1 site.
No monitoring well is close enough to be considered an upgradient well. The maximum
concentrations of chromium were detected in July of 1993 at 19.3 ug/l. Strontium-90 was
not detected in any sampling conducted for the 100-FR-3 LFI for well 199-F7-2. Since no
upgradient values were available, the impact on groundwater from the 116-F-1 site could not
be determined.

The 116-F-2 basin overflow trench is an inactive liquid waste site that operated from
1950 until 1965. The trench measures 91 m (300 ft) long, 15 m (50 ft) wide, and 4.5 m
(15 ft) deep. It received reactor cooling water from the 116-F-14 retention basin during
reactor outages due to fuel ruptures. It was also used for the disposal of decontamination
fluids generated from decommissioning of the retention basin and water from
decommissioning the F Reactor Fuel Storage Basin (DOE-RL 1992a). Contaminated cooling
water was diverted to the trench from one side of the retention basin through a 30-cm (12-in)
diameter steel pipe that connected the basin outlet with the north end of the trench.

water storage and the outlet at the north end was no longer useful for diverting contaminated
water. It appears that at that time a bypass ditch was excavated, known as the EM bypass

- ditch. It extended from the 107-cm (42-in) pipe valve of the retention basin to the center of

the 116-F-2 basin overflow trench. The length of the EM bypass ditch, estimated from aerial

- photographs, is 107 m (350 ft) (Deford 1993). It was used to direct contaminated cooling

water to the trench. This ditch is indicated on several facility drawings and can be identified

on aerial photographs of the 100 F Area,

~ An estimated 60,000,000 I of liquid waste entered the 116-F-2 unit. In addition to
radionuclide contamination approximately 600 kg (1323 Ibs) of sodium dichromate were
reportedly disposed of in this trench. The 116-F-2 trench and EM bypass ditch have been
fully backfilled and appear today as a cobble covered field (Deford 1993).

Figure 3-2 shows the location of 116-F-2 and the approximate location of the LFI

* vadose zone borehoie. Figure 3.9 is a summary diagram of the 116-F-2 LFI borehole data.

3.2.1 Geology

The 116-F-2 site is covered by fill material to a depth of approximately 15 ft. The
0 ft to 5 ft interval is composed of moist, sandy gravel. The lithology then changes to a
moist, gravelly sand from 5 to 7.5 ft bls. From 7.5 ft to 24 ft bis the lithology is sandy
gravel. The 24 to 35.7 ft bls (total depth of borehole 116-F-2) interval is composed of dry,
gravelly sand (approximately 80% sand).
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3.2.2 116-F-2 Borehole Soil Samples

Six samples were collected and submitted for chemical and radiclogical analysis from
the 116-F-2 vadose zone borehole, BOSOM4 (O ft to 2 ft bis), BOBOMS6 (10 ft to 12 ft bls),
BO8OM?7 (14.8 ft to 16.8 ft bls), BOBOMS (19.7 ft to 21.7 ft bls), BOBOMY (24.5 ft to
26.5 ft bls), and BOBONO (30 ft to 32 ft bls).

3.2.2.1 Chemical Analysis. Methylene chloride and toluene were the only VOC detected in
sample BOBONO, with values of 2 ug/kg and 4 ug/kg respectively, both of which were below
the CRQL of 10 ug/kg. Table 3-4 presents the VOC analytical results.

The semi-volatile organic compounds detected were benzo(b)fluoranthene (83 ug/kg),
chrysene (48 pg/kg), and di-n-butyiphthalate (71 pg/kg). All semi-volatiles detected were
below the CRQL 330 ug/kg. Table 3-4 presents the semivolatile analytical resuits.

No pesticides or PCB were detected.

_____Concentrations of inorganic compounds that exceeded the Hanford Site background

95% UTL were cadmium (1.6 mg/kg), barium (338 mg/kg), chromium (98.1 mg/kg), and
zinc (295 mg/kg) (Table 3-4).

3.2.2.2 Radionuclide Analysis. Table 3-4 presents a summary of the detected
radionuclides. The highest concentration of radionuclides were in the 10 ft to 12 ft bls
interval in fill material. Radionuclides that were detected above 1 pCi/g were: carbon-14,
cobalt-60, strontium-90, cesium-137, europium-152, europium-154, and plutonium-239/240,
The highest of the radionuclides detected were carbon-14 (230 pCi/g), europium-152

(550 pCi/g), and europium-154 (360 pCi/g). Gross alpha was detected at 10 and 11 pCi/g in
samples BOBOMS8 and BOBOM6. Gross beta ranged between 16 and 350 pCi/g.

3.2.2.3 Field Screening. The well site geologist performed field screening for VOC using
an OVM PID. The VOC site background was determined to be 0.0 ppm, and the action
level for VOC was 5 ppm. The maximum VOC were in the 10 ft to 12 ft bls interval, at
levels of 5.6 ppm and 16 ppm. No other VOC were detected above the action level.

Radioactivity was monitored during drilling using a Ludlum 14C portable scintillation
detector. The gross gamma background level for the site was 1,700 cpm, and the gross
gamma action level was 3,400 cpm. The beta-gamma activity was monitored using a
Geiger-Mueller detector with a P-11 probe. The beta-gamma site background level was
100 cpm. The maximum gross gamma concentration of 15,000 cpm was measured at
14 ft bls. Readings that were above the established action level were found from 10 ft bls to
22 ft bls. All soils screened had beta-gamma activity levels less than site background.

The well site geologist also performed an analysis for hexavalent chromium on the
soil at 35.7 ft bls (total depth of borehole). No chromium was detected.
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3.2.2.4 Geophysical Borehole Logging. Borehole 116-F-2 was logged from 0 ft to

32 ft bls. The man-made radionuclides detected were: cobalt-60, cesium-137, europium-152,

and europium-154. Cesium-137 is present from 5 ft to 32 ft bls, with a broad activity peak

from 10 ft to 20 ft bis, and a maximum activity of 19 pCi/g at 14.5 ft bls. Cobalt-60 was

detected from 5 ft to 22 ft bls, with a broad activity peak from 8 ft to 18 ft bls, and a

e - maximum activity of 6.3 pCi/g at 14.5 ft bls.  Europium-134 was detected from 1.5 ft to

30 ft bls. The maximum activity of 143 pCi/g occurred at 10.5 ft bls. Europium-152 was

- - detected from 6 ft to 20.5 ft bls.. The maximum activity of 13.6 pCi/g occurred at 14 ft bis.

3.2.3 Summary

- -~ - Methylene chioride and toluene were detected in sample BOBONO (30 ft to 32 ft) at
concentrations less than the CRQL. Both methylene chloride and toluene are typical
laboratory contaminants. Historical records do not indicate that methylene chloride or
toluene were disposed of in the 100-FR-1 Operable Unit (DOE-RL 1992a). The maximum
organic compound detected was benzo{b)fluoranthene at 83 ug/kg in sample semi-volatile
..BO80OMSG. . No semi-volatile exceeded the CRQL of 330 ug/kg. No pesticides or PCB were

datacted in samnles taken from the 116-F-2 horehnla,

PAwd e A AV A e WAL

Inorganic constituents that exceeded the Hanford Site background 95% UTL were:
cadmium, chromium, and zinc in sample BO80MS6 (10 ft to 12 ft bls), and barium in sample
BO8OMS (19.7 ft to 21.7 ft bls). Historical sampling data for organic, inorganic, and
nonradionuclide constituents are not available for comparison. |

Radionuclide contamination was found to exist from surface to total depth of the

116-F-2 borehole. The highest radionuclide contamination was found in sample B0O80OM®6

(10 ft to 12 ft). Field screening of radionuclides during drilling detected contamination

throughout the borehole, with a maximum gross gamma detection of 15,000 cpm at 14 ft bls.

-~~~ ~~Man-made radwnuciides detected dunng-speciral gamma - logging of the borehole included:

————————————— cobalt-60, cesium-137, europium-154, and europium-152. The maximum man-made

radionuclide concentration detected during logging was 143 pCi/g of europium-154 at

10.5 ft bis.

Dorian and Richards (1978) investigated four soil borings at the 116-F-2 site and four
soil borings in the EM bypass ditch in connection with the 116-F-14 retention basin
- ——---- - -investigation. - The highest radionuelide contamination reported was-inthe 20 fttc 25 &t
interval. The maximum radionuclide detection was europium-152 at a depth of 20 ft bls.
The analytical results and soil boring locations of the Dorian and Richards sampling are
presented in Appendix A,

Four sites which are analogous to the 116-F-2 site and are located in other source
~—operable units have been examined thus far by LFI. These are 116-B-1, 116-DR-1,
116-DR-2, and 116-H-1. To assess the concept that these sites are analogous, a comparison
of radionuclide and chemical analytical results from the LFI samples was performed. Table
3-5 presents a comparison of the maximum detected constituents in the analogous facilities.
The radionuclide contaminants present in samples from the five sites are similar. Chromium
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was detected in concentrations greater than the Hanford Site 95% UTL in four of the five
sites. Chromium is not a contaminant in the 116-DR-2 site, cadmium and silver are.
Barium was only detected in the 116-F-2 site.

3.2.4 Groundwater Assessment

Figures 3-4 and 3-5 present maximum concentrations of chromium and strontium-90
in 100-FR-3 groundwater from December 1992 through July 1993 sampling rounds
(DOE-RL 1994b). No monitoring wells are positioned close enough to 116-F-2 to accurately
assess the impact of this site on the groundwater.

3.3 116-F-3 FUEL STORAGE BASIN TRENCH

The 116-F-3 fuel storage basin trench is located approximately 38 m (125 ft) south of
the reactor building and is oriented in an east-west direction. It is 30 m (100 ft) long, 6 m
(20 ft) wide, and has a depth of 2.4 m (8 ft). [t was used from 1947 to 1951. 116-F-3
received reactor effluent during fuel cladding failure. In 1951, the site also received sludge
from the F Reactor fuel storage basin (DOE-RL 1992a).

The trench has been fully backfilled and appears today as an unfenced gravel-covered
field. Concrete monuments and "Underground Radioactive Matertal" warning signs mark a
general zone that includes the trench area. No vent pipes or other appurienances are visible
(Deford 1993).

An estimated 7,000,000 1 of liquid waste entered this trench (Stenner et al. 1988). In
addition to the radionuclide contamination, 4 kg of sodium dichromate were reportedly
disposed of in this unit.

" Figure 3-1 shows the location of the 116-F-3 site and the approximate location of the
test pit investigated for this LFI. Figure 3-10 is a summary diagram of the 116-F-3 test pit.

3.3.1 Geology

The LFT site investigation for the 116-F-3 fuel storage basin trench consisted of one
test pit which was sampled from O to 17 ft bls. There is no geologic description from this
activity, but it is assumed that the lithology is composed of sands and gravels similar to those

. | YT

encountered at other 100-FR-1 waste sites.
3.3.2 116-F-3 Test Pit Soil Samples

The total depth of the 116-F-3 test pit was 17 ft bls. Four soil samples were
collected, BO8G82 (1 ft bls), BOBG83 (7 ft bls), BO8GS84 (12 ft bls), and BOSGS5 (17 ft bls).
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3.3.2.1 Chemical Analysis. Toluene was detected in the surface sample (BO8GS82) at

21 ugikg, and 4-methyl-2-pentanone in the 7 ft sample (BO8G83) at 11 ug/kg. No other

VOC were detected above the CRQL (10 ug/kg). Table 3-6 presents a summary of the
detected VOC.

The semi-volatile organic compounds, fluoranthene and pyrene were both detected at
440 pg/kg in the surface sample (B08G82). No other semi-volatile organic compounds were
detected above the CRQL (330 ug/kg). Table 3-6 presents a summary of the detected
semi-volatiles.

Toxaphene was detected in sample BO8G83 (190 ug/kg) above the CRQL

{170 ug/kg).  Aroclor-1254, also in sample BO8GR3, was detected above the CRQL
{33 pg/kg) at 180 ug/kg. No other pesticides or PCB were detected in the other three

samples. Table 3-6 summarizes the detected pesticides and PCB.

Inorganic compounds that exceeded the Hanford Site background 95% UTL were:
barium, chromium, lead, mercury, and zinc. Barium was detected in the surface sample at
378 mg/kg, and was the maximum inorganic concentration detected. No inorganic
compounds were detected in concentrations exceeding the 95% UTL values below the 7 ft bls
interval. Table 3-6 summarizes the detected inorganic constituents.

3.3.2.2 Radionuclide Analysis. Radionuclides detected in the 116-F-3 were: potassium-40,
cobalt-60, cesium-137, europium-152, europium-154, radium-226, thorium-228,

Tthorium-232,; sranium-233/234, plutomam-238; uranium-238; nzuzomum--.,9!24“ and

americium-241. The maximum radionuclide concentration was 190 pCi/g of europium-152
in sample BO8G83 (7 ft bls). The maximum gross alpha was 7.9 pCi/g in sample B0O8G84.
The maximum gross beta detected was in sample BO8GS83 (71 pCi/g). Table 3-6 summarizes

......

3.3.2.3 Field Screening. No VOC were detected above the action level (5 ppm) during the
116-F-3 test pit investigation

Field screening of radioactivity was performed by the well site geologist using a
Ludium 14C portable scintillation detector. The site gross gamma background was 75 cpm.
Readings exceeding site background occurred from 7 ft to 12 ft bls with the maximum
reading at 7 ft bls (1500 cpm).

The well site geologist also performed field screening for hexavalent chromium from
the 17 ft bls soils. No hexavalent chromium was detected above 10 ppm detection limit.

3.3.3 Summary

Sampling of the 116-F-3 test pit did not show significant amounts of volatile organic

_ contamination. _Toluene and 4 methyl-2-pentanone were the only volatiles that were detected

above the CRQL. Although toluene and 4 methyl-2-pentanone are probably attributed to
sampling media or laboratory contamination, the analyses were not flagged with a "B"
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qualifier to indicate laboratory blank contamination. Historical records do not indicate that
toluene was disposed of in the 100-FR-1 Operable Unit (DOE-RL 1992a). No volatiles were
detected during continucus field screening of the test pit. The semi-volatile organic
compounds fluoranthene and pyrene were detected in the O ft to 1 ft sample. The source of
these contaminants in the 100-FR-1 Operable Unit are unknown. No other semi-volatiles
were detected in excess of the CRQL. Pesticide and PCB contamination consisted of
toxaphene and aroclor-1254, both were detected in sample BOB083 (7 ft bis). No inorganic
contamination was detected below the 7 ft interval. Inorganic COPC are barium, chromium,
lead, mercury and zinc. Historical data are limited to radionuclide analyses only, therefore,
a comparison of organic, inorganic and nonradionuclide constituents was not possible.

Dorian and Richards (1978) radiological sampling data from the 116-F-3 site consisted
of two soil samples from 18 ft and 20 ft. All radionuclides detected measured <1 pCi/g,
and the highest detection during field screening (using a P-11 probe) was 30 cpm at 20 ft.
Limited field investigation analyses indicated maximum radiological contamination in sample
BO8G83 (7 ft bls), with europium-152 being the highest detected value at 190 pCi/g. Field
screening for radionuclides also showed the highest detections in the 7 ft interval, with
readings exceeding background levels from 7 ft to 12 ft bls. Analytical resuits and soil
boring locations are presented in Appendix A.

- Three sites which are analogous to the 116-F-3 site and are located in other source
operable units have been examined thus far by LFI. These are 116-B-2, 116-D-1a, and
116-D-1b. To assess the concept that these sites are analogous, a comparison of radionuclide
and chemical analytical results from the LFI samples was performed. Chromium and lead
were detected in three of the four analogous sites. Barium was only detected in the 116-F-3
samples. Little stmilarity exists for VOC, semi-volatiles, or pesticide/PCB contamination
between the analogous sites. Radionuclide contaminants in the analogous sites were found to
be similar to those found at 116-F-3. Table 3-7 presents a comparison of the maximum
detected constituents in the analogous facilities.

3.3.4 Groundwater Assessment

Figures 3-4 and 3-5 present maximum concentrations of chromium and strontium-90
in 100-FR-3 groundwater from December 1992 through July 1993 sampling rounds
(DOE-RL 1994b). Monitoring wells 199-F5-47 and 199-F5-4 are downgradient of site
116-F-3. No monitoring well is located close enough to this site to be considered an
upgradient well. In well 199-F5-47 the maximum detection of chromium was 20.7 ug/l in
April of 1993. The maximum level of strontium-90 was detected in April 1993 at 3.8 pCi/l.
In well 199-F5-4 the maximum detection of chromium was 19.7 ug/l in April of 1993.
Strontium-90 was not detected in well 199-F5-4. Since no upgradient values were available,
the impact to groundwater from the [16-F-3 site could not be determined.
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3.4 116-F-4 PLUTO CRIB

The 116-F-4 (pluto crib) is an inactive liquid waste site that operated from 1950 to
1952. The crib is a 3 m (10 ft) by 3 m (10 ft} by 3 m (10 ft) deep wooden vauit located
36.5 m (120 ft) southwest of the 105-F Reactor. 116-F-4 received liquid waste from the

activities as a part of the 100 Area Excavation Treatability Test Plan and is no longer in -
place.

An estimated 4,000 | of cooling water contaminated with 280 Ci of fission products
was discharged to this crib from reactor process tubes. The pluto crib also reportedly
received approximately 0.004 kg of sodium dichromate (Deford 1993).

Figure 3-1 shows the location of the 116-F-4 piuto crib and the approximate location
~ of the vadose zone borehole investigated for this LFI. Figure 3-11 1s a summary diagram of
the LFI borehole data.

3.4.1 Geology

The 116-F-4 site is characterized by approximately 9 ft of fill material above native
sediments. Soils include the following: sandy gravel from 0 to 9 ft bls, gravelly sand from
9 to 16 ft bls, and sandy gravel from 16 to 28 ft bls (total depth of the 116-F-4 borehole).

L

3.4.2 116-F-4 Borehole Soil Samples

- Six soii sampies were taken and submitted for chemical and radionuclide analysis in
~ the 116-F-4 borehole. Sampies numbers and intervals were as follows: BO8QP2 (0 to
e o o2 1t blsy, BOBOP3 (5 ft to 7 ft bls), BO80P4 (9.4 ft to 11.4 ft bls), BOBOPS (13.4 to
~- = 156 ft bls), BOSOP (19 ft-to 20:8 {t bls), and BOBOQ3 (25 fi to 26.8 fi bis).

3.4.2.1 Chemical Analysis. The VOC detected above the CRQL of 10 ug/kg were,
2-butanone, acetone, and toluene. Methylene chloride was detected at levels below the

fffffffffffffffffffffffff CRQL. - Acetone had a maximum detection-of 14 ug/kg in sample BOBOP2. The only
detection of 2-butanone was 22 ug/kg in sample BOS8OP2. Toluene was detected in all of the

~-sampies, but-was-greater- than-the CRQL only-in-sample BO8OP4 (13 ugfkg)y: Voiaiile

organic compound concentrations appear. to be decreasing with depth. _Because sample
BO80P3 was not analyzed, due to a broken sample container, no results exist for the 5 ft to
7 ftinterval. Table 3-8 presents a summary of the VOC analytical resuits.

The semi-volatile organic compound bis(2-ethylhexyl)phthalate was detected at
800 ug/kg. No other semi-volatile compounds were detected above the CRQL of 330 ug/kg.
Because sample BO80P3 was not analyzed, no results exist for the 5 ft to 7 ft interval.
Table 3-8 presents a summary of the semi-volatile organic compounds detected in the
116-F-4 borehole.

Lad
1
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No pesticides or PCB were detected in the 116-F-4 borehole.

Barium was detected at 208 mg/kg in sample BOB0P3. No other inorganics were
detected above the Hanford Site 95% UTL.

3.4.2.2 Radionuclide Analysis. Gross alpha detections ranged from 14 pCi/g in sample
BO8OP3 to 96 pCi/g in sample BOB0P4. Gross beta concentrations ranged from 20 pCi/g in
sample BO80P2 to 4900 pCi/g in sample BO80OP4. The maximum concentrations were found
in sampie BO80P4 (9.4 ft to 11.4 ft bls). Radionuclides detected above 1 pCi/g in the
BO80P4 sample were: potassium-40 (11 pCi/g), strontium-90 (1500 pCi/g), cesium-137
(1800 pCi/g), europium-152 (16 pCi/g), plutonium-239/240 (130 pCi/g), and americium-241
(12 pCi/g). Concentrations of radionuclides decreased with depth. The only radionuclide
detected above 1 pCi/g in samples BO8OP9 and BO80Q3 was potassium-40. Table 3-8
presents a summary of the radionuclides detected from the sampling of 116-F-4 vadose zone
borehole.

3.4.2.3 Field Screening. The well site geologist performed field screening for VOC using
an OVM PID. No VOC were detected during the investigation of borehole 116-F-4,

Radioactivity was monitored during drilling using a Ludlum 14C portable scintillation
detector with a gross gamma probe. The gross gamma background level for the site was
1,500 cpm. The maximum gross gamma level detected during this investigation was
150,000 cpm at 11 ft to 12 ft bls. Gross gamma exceeding the site background level was
found from 2 ft to 25 ft bls, which corresponds to the borehole geophysical logging results.

3.4.2.4 Geophysical Borehole Logging. The 116-F-4 borehole was logged from 0 to

24.9 ft bls. The three man-made radionuclides detected during logging were, cesium-137,
europium-152, and europium-154. Cesium-137 was detected from 0 ft to 22 ft bls, with
maximum calculated activities of 425 pCi/g and 2,280 pCi/g at depths of 2.5 ft and

10.5 ft bls respectively, Europium-152 was detected from 2 ft to 4 ft bls, with a maximum
of 5 pCi/g at 2.5 ft. It was also detected from 6 ft_to 14 ft bls, with a maximum of 20 pCi/g
at 10 ft bls. Europium-154 was detected from 9 ft to 13.5 ft bls, with a maximum of

2 pCi/g at 9.5 ft.

3.4.3 Treatability Test Excavation Overview

The 100 Area Excavation Treatability Test (DOE-RL 1994¢) was conducted by
excavating the contaminated soil from the 116-F-4 pluto crib. Approximately 4500 yd® of
soil was removed during the excavation. Of this material, over 500 yd® was designated
contaminated soil. At the completion of the test the clean soil along with make-up soil was
used to refill the excavation hole, and the surface was returned to grade level.

In order to ensure that the excavation removed all contamination from the crib,

verification samples were taken from varying depths from the sides and base of the
excavation. Soil sampling was also conducted in the clean spoil piles to ensure that the soil

3-14



24z o
DOE/RL- 93 gﬁ 1050045

Draft A

set aside as clean material met the applicable requirements for use as clean fill (DOE-RL
1994c¢).

Treatability test soil sampling indicated that the 116-F-4 pluto crib and all associated
contamination has been successfully removed to levels below current guidance. Full
analytical results are presented in the 100 Area Excavation Treatability Test Report (DOE-RL

1994c¢).

3.4.4 Summary

" The 116-F-4 data used in the Qualitative Risk Assessment of the 100-FR-1 Source
Operable Unit (WHC 1993), which is summarized in Section 4 of this report, is based upon
the 116-F-4 LFI borehole data and is presented in this report for information only.

Volatile organic compounds in the 116-F-4 borehole that exceeded the CRQL of
10 ug/kg were: 2-butanone, acetone, and toluene. Although these constituents are most
likely attributable to sampling media or laboratory contamination the analyses were not
flagged with the "B" qualifier to indicate laboratory blank contamination. Historical records
do not indicate the disposal of these contaminants in the 100-FR-1 Operable Unit (DOE-RL
-- --19922).- Bis(2-ethylhexyl)phthalate, in sample BO80P2 (O ft to 2 ft bls), at 800 ug/kg, was
~ the only semi-volatile detected above the CRQL. Bis(2-ethythexyl)phthalate is commonly
- == used-as a-liquid in-vacuum pumps.{Sax and Lewis. 1987). .but no records_indicate that it was
disposed of in the 100-FR-1 Operable Unit. No analyses were performed for volatile organic
and semi-volatile organic compounds for sample BO8OP3 (5 ft to 7 ft) because that sample
was not received by the laboratory.

No pesticides or PCB were detected in the 116-F-4 borehole. The only inorganic
compound detected above the Hanford Site background 95% UTL was barium in sample
BOBOP3 (5 ft to 7 ft) at 208 mg/kg. No historical sampling data exists for organic,
inorganic, or nonradionuclide constituents. therefore, a comparison is not possible.

Radionuclide contamination was detected in all samples collected from the 116-F-4
- borehole. - The maximum concentrations were detected in sample BO80P4 (9.4 ft to
7~ 1L4 ftbls). Radionuclide contamination decreased with depth, only potassium-40 was
-~ detected-above-1 pCi/g below the 13.4 ft to 15.6 ft sample interval. Field screening and
borehole geophysical logs also show maximum contaminant levels in this intervai. The
maximum detected field screening for gross gamma was 150,000 cpm in the 11 ftto 12 ft
interval. Cesium-137 was the highest detected contaminant in sample BO80P4 at
1,800 pCi/g. Cesium-137 was aiso the maximum detected contaminant in the spectral
gamma log (2283 pCi/g) at 10.5 ft.

Treatability test soil sampling indicated that the 116-F-4 Pluto Crib contamination has
been successfully removed to levels below current guidance (DOE-RL 1994c).
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3.4.5 Groundwater Assessment

- ...Figures -3-4 and 3-5 present maximum concentrations of chromium and strontium-90

in lOO-FR—3 groundwater from December 1992 through July 1993 sampling rounds (DOE-RL
1994b). Monitoring wells 199-F5-47 and 199-F5-4 are downgradient of site 116-F-4, No
monitoring well is located close enough to this site to be considered an upgradient well. In
well 199-F5-47 the maximum detection of chromium was 20.7 ug/l in April of 1993, The
maximum level of strontium-90 was detected in April 1993 at 3.8 pCi/l. In well 199-F5-4
the maximum detection of chromium was 19.7 ug/l in April of 1993. Strontium-90 was not
detected in well 199-F5-4. Since no upgradient values were available, the impact to
groundwater from the 116-F-4 site could not be determined.

3.5 116-F-6 LIQUID WASTE DISPOSAL TRENCH

The 116-F-6 liquid waste disposal trench is an inactive liquid waste site that operated
from 1952 to 1965. The trench is 90 m (300 ft) long, 30 m (100 ft) wide, and 3 m (10 ft)
deep and is oriented north-south approximately 55 m (180 ft) southeast of the 105-F Reactor
building. The trench received cooling water while maintenance and repairs were being
performed on the effluent system. This trench was also used during several reactor
upgrades. In 1956, effluent water overflowed, flooding an area south of the site. This area
was later released from radiological control (DOE-RL 1992a).

The trench has been backfilled with 3.0 m to 3.7 m (10 to 12 ft) of added soil, and
today appears as a large, unfenced cobble-covered field with little vegetation growing. The
site is within a large zone of permanent concrete monuments with "Underground Radioactive
Material” warning signs. No vent pipes or other accessories are evident. The waste site has
recently been extended to the east by erecting a light-weight chain fence with warning signs
due to the exceedance of allowable surface radioactivity levels. The extension is
approximately 7.6 x 122 m (25 x 400 ft) and has not been stabilized in the same manner as
the original site (Deford 1993).

116-F-6 received an estimated 100,000 | of liquid waste. In addition to radioactive
contamination 3,000 kg of sulfamic acid were reportedly disposed into this unit.

Figure 3-1 shows the location of the 116-F-6 site and the approximate location of the
- .vadose zone borehole, Figure 3-12 is a summary diagram of the LFI borehole data.

3.5.1 Geology

This site is characterized by sandy gravel to 26 ft bls (total depth of borehole). The
site is reported to have been backfilled with 10 ft to 12 ft of soil (DOE-RL 1992a), however,
the well site geologist found no discernable characteristics between the fill and native soils .
that indicated the contact. '
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3.5.2 116-F-6 Borehole Soil Samples

Borehole 116-F-6 was drilled to a total depth of 26 ft bls. Five soil samples were
collected and submitted for chemical and radionuclide analysis. Samples collected were:
from BOBOL9Y (0 to 2 ft bls), BOSOMO (6.5 to 8.5 ft bls), BOBOM1 (9 ft to 11 ft bls),
BOSOM2 (15 ft to 17 ft bls), and BOSOM3 (19 ft to 21 ft bls).

3.5.2.1 Chemical Analysis. The VOC detected in borehole 116-F-6 were acetone, benzene,
methylene chloride, and toluene. The maximum detection for acetone was in sample
BOBOM3 (15 ug/kg). The maximum detection of toluene was 12 ug/kg in sample BOBOMI.

" Acetone and toluene were the only VOC that were detected above the CRQL. Table 3-9

presents the detected VOC in 116-F-6.

The semi-volatile organic compound di-n-butylphthalate was detected at 140 pg/kg in
sample BO8OM1. Bis(2-ethylhexyl)phthalate was detected at 72 ug/kg in sample BOSOM?2.
No other semi-volatile organic compounds were detected. No semi-volatile compounds were
detected above the CRQL. Table 3-9 presents a summary of the semi-volatile organic
compounds detected in the 116-F-6 borehole.

Chromium, in sample BO80OMO (30.2 mg/kg), and zinc in sampie BOSOMO
(106 mg/kg) were detected above the Hanford Site background 95% UTL. Table 3-9

R

3.5.2.2 Radionuclide Analysis. Table 3-9 summarizes the radionuclide concentrations.
Gross beta ranged from 14 pCi/ gin sample BOSOL9 to 350 pCifg in sample BOSOMO The
that were detected above 1 pCi/g in that sample were: potassium-40, cobalt 60, strontium-90,
cesium-137, europium-152, europium-154, and plutonium-239/240. Cesium-137 (230 pCi/g)
and europium-152 (190 pCi/g) were the largest radionuclide concentrations detected.

3.5.2.3 Field Screening. Volatile organic compounds were monitored by the well site
geologist using an OVM PID. No VOC were detected above the action level of 5 ppm
during the drilling of borehole 116-F-6.

_ . Radioactivity was monitored during drilling using a Ludlum 14C portable scintillation
detector with a gross gamma probe. The gross gamma background level for the site was
1,690 cpm. The maximum gross gamma level detected during this investigation was 21,000

~-cpm at 8-ft to 9 ft-bls. - Gross gamma levels exceeding site background were detected from

6.5 ft to 13 ft bls. No beta readings exceeded the site background of 65 cpm,

The well site geologist also performed an analysis for hexavalent chromium on the
soil from 25 ft bls. No chromium was detected.

3.5.2.4 Geophysical Borehole Logging. The 116-F-6 borehole was monitored from 0 ft to
13.5 ft and from 15 ft to 23 ft bls. The maximum calculated activity for all of the man-made
radionuclides detected was found at 6.5 ft bls. The man-made radionuclides detected were,
cobalt-60, cestum-137, europium-152, and europium-154. Cesium-137 was detected from
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5 ft to 15 ft bls, with a maximum calculated activity of 74 pCi/g. Cobalt-60 was detected
from 4.5 ft to 10 ft bls, with a maximum calculated activity of 18 pCi/g. Europium-152 was
detected from 4 ft to 16 ft bls, with a maximum of 169 pCi/g. Europium-154 was detected
from 4.5 ft to 10 ft bls, with a maximum of 20 pCi/g.

3.5.3 Summary

Acetone was detected in low concentrations in three samples in excess of the CRQL
with a maximum concentration of 15 ug/kg in the 19 ft to 21 ft sample. Toluene was also
detected in excess of the CRQL in one sample at 12 ug/kg. No historical records indicate
that acetone or toluene were disposed of in the 100-FR-1 Operable Unit. Although these
contaminants are most likely attributable to sampling media or lab contamination, the
analyses were not flagged with the "B" qualifier to indicate laboratory blank contamination.
Benzene and methylene chloride were also detected but were far below the CRQL. No
semivolatiles were detected in excess of the CRQL. No pesticides or PCB were detected.
Chromium and zinc were detected above the Hanford Site background 95% UTL at
30.2 mg/kg and 106 mg/kg respectively. Historical data for organic, inorganic, and
nonradionuclide constituents are not available for comparison.

The maximum radionuclide contamination for 116-F-6 was found in sample BOS8OMO
(6.5 ft to 8.5 ft bls) in what was reported to be fill material. The maximum gross beta
measurement (350 pCi/g) was detected in this interval. Cesium-137 and europium-152 were
the highest detected values in this interval at 230 pCi/g and 190 pCi/g respectively.
Geophysical logs for the 116-F-6 borehole also revealed maximum values for man-made
radionuclides at 6.5 ft, the highest of which being europium-152 at 169 pCi/g. The
geophysical logs detected radionuclides from 4 ft to 16 ft bls. Field screening results showed
- gross-gamma readings at 6.5 ft of 6,500 cpm increasing to 21,000 cpm at 8 ft to 9 ft bls.
Field screening showed gross gamma levels that exceeded the site background from 6.5 ft to
13 ft bis.

Dorian and Richards (1978) reports the results of soil samples collected from four
sites in the 116-F-6 trench. The maximum concentrations for the historical sampling was
found in soil boring "A" at 7.5 ft. Radionuciides detected were: tritium, uranium, cobalt-60,
strontium-90, cesium-137, europium-152, europium-154, europium-155, plutonium-238, and
plutonium-239/240. Radionuclide concentrations showed a decrease with increased depth.
Analyticai results and soil boring locations are presented in Appendix A.

3.5.4 Groundwater Assessment

Figures 3-4 and 3-5 present maximum concentrations of chromium and strontium-90
1994b). Monitoring well 199-F8-2 is upgradient, and monitoring well 199-F5-47 is
downgradient of site 116-F-6. Chromium values in the upgradient well were not appreciably

different from those values found in the downgradient well. The maximum strontium-90
concentration in upgradient well 199-F8-2 was 41 pCi/l, and the maximum concentration in
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the downgradient well 199-F5-47 was 3.8 pCi/l. It does not appear that the 116-F-6 trench
is currently impacting groundwater.

3.6 116-F-9 PNL ANIMAL WASTE LEACH TRENCH

The animal waste leach trench is located 46 m (150 ft) northeast of the 116-F-14
retention basin. The site consists of two trenches joined to form a "Y" shape. The longer
leg measures 120 m (400 ft) by 5 m (15 ft) by 3 m (10 ft) deep and the shorter section is
30 m (100 ft) long and of similar width and depth. 116-F-9 received waste water from the
cleaning of animal pens in the EAF from 1963 to 1976 (DOE-RL 1992a).

The trench appears today as a cobble-covered, open field, immediately northeast of
the 107-F retention basin. The trench is unfenced and has no unique identifying markers. It
resides within a larger area identified by permanent concrete markers and the "Underground
Radioactive Material” warning signs (Deford 1993).

The animal waste leach trench received an estimated 300,000,000 1 of liquid waste.
This unit contains radiological contamination from EAF activities (Stenner et al. 1988).

Figure 3-2 shows the location of the animal waste leach trench and the approximate
location of the vadose zone borehole at the north end of this unit.
3.6.1 Geology

116-F-9 is covered by approximately 9 ft of fill material, the O to 8 ft bis interval

being sandy gravel, and 8 to 9 ft bls being silty sandy gravel. The 9 to 21 ft bls interval is
sandy gravel. Soils in the 21 to 25 ft bls interval are composed of gravelly sand. Sandy

--gravel-makes-up-the-soil found between 25 and 26.8 ft bls (total depth of borehole).

3.6.2 116-F-9C Borehole Soil Sampies

Five soil samples were collected and submitted for chemical and radionuclide analysis
from the 116-F-9C vadose zone borehole. The samples were BOBONS (2.5 ft to 4.5 ft bls),
BO8BONG6 (9 ft to 11 ft bls), BOBON7 (14.5 ft to 16.5 ft bls), BOSBONS (16.5 to 18.5 ft bls),
and BOBOPO (23 ft to 25 ft bis). Sample BOSONS was taken from 2.5 ft to 4.5 ft bls due to
poor sample recovery in the 0 ft to 2 ft bls interval. Figure 3-13 is a summary diagram of
the 116-F-9C LFI data.

3.6.2.1 Chemical Analysis. The VOC detected equal to or greater than the CRQL were:
toluene in samples BOBONS and BOSON6 (10 ug/kg), acetone in samples BOBON6, BOSONS
and BOBOPO (11, 11, and 12 pg/kg), and 2-butanone in sample BOSOPO (23 ug/kg). Table
3-10 presents a summary of the VOC detected.
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Di-n-butyiphthalate was the only semi-volatile organic compound detected. The
concentration was 74 ug/kg in sample BOSOPO. No semi-volatile was detected above the

CRQL of 330 ug/kg.

maximum values of 4.7 and 4.8 ug/kg, respectively, in sample BOBON6. Table 3-10 presents
a summary of the detected pesticides and PCB.

No metals or other inorganic compounds were detected in concentrations above the
Hanford Site 95% UTL at the 116-F-9C borehole.

3.6.2.2 Radionuclide Analysis. No gross alpha was detected in any of the samples
analyzed. Gross beta levels ranged from 11 pCi/g in sample BO8ONS to 52 pCi/g in sample
BO8ONG6. The radionuclides that were detected above 1 pCi/g in the 116-F-9C borehole
were: carbon-14, potassium-40, and strontium-90. Strontium-90 values ranged from

15 pCi/g to 19 pCi/g in the 9 ft to 25 ft bls interval. Carbon-14 values ranged from

120 pCi/g to 140 pCi/g in the O ft to 11 ft bls interval. Table 3-10 presents a summary of
 the radionuciides detected at the 116-F-9C borehole.

3.6.2.3 Field screening. Volatile organic compounds were monitored by the well site
geologist using an OVM PID. No VOC were detected above the action level of 5 ppm
during the drilling of borehole 116-F-9C.

Radioactivity was monitored during drilling using a Ludlum 14C portable scintillation
detector with a gross gamma probe. The gross gamma background level for the site was
1,800 cpm. The gross gamma background was exceeded at 9 ft bls (2,000 cpm) and at
13.5 ft bls (2,100 cpm). The beta site background was 65 cpm which was exceeded from
4 ft bls to 16 ft bls. The maximum beta reading during the investigation was 100 cpm.

The well site geologist also performed an analysis for hexavalent chromium on the
soil from 25 ft bls. No chromium was detected.

3.6.2.4 Geophysical Borehole Logging. The 116-F-9C borehole was logged from 0 ft to
24 ft bls. Trace amounts of cesium-137 were detected (0.3 pCi/g) at 17 ft bis. The
cesium-137 observed concentrations were near the limit of the system sensitivity for low
level activity at 17 ft bls. No other man-made radionuclides were observed.

3.6.3 116-F-9D Test Pit Soil Samples

Four soil samples were collected in the 116-F-9D test pit and submitted for chemical
and radionuclide analysis. The samples were BO8G78 (O ft to | ft bis), BOBG79 (9 ft to
10 ft bls), BOBGB8O0 (15 ft bls), and BOBGS8!1 (20 ft bis) total depth of test pit. Figure 3-14 is
a summary diagram of the 116-F-9D test pit.

3.6.3.1 Chemical Analysis. Volatile organic compounds that were detected in excess of the
CRQL were: 4-methyl-2-pentanone, acetone, and toluene. The maximum values for acetone
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and toluene were found in sample BO8G79 at 66 ug/kg and 87 ug/kg, respectively.
4-methyl-2-pentanone was detected in sample BO8G79 at i3 ug/kg. Table 3-11 presents a
summary of the detected volatile organic compounds.

Bis(2-ethylhexyl)phthalate detected in sample BO8G78 (340 ug/kg) was the only
semi-volatile organic compound detected above the CRQL (330 ug/kg). Table 3-11 presents
all of the detected semi-volatiles.

The maximum detections of alpha-chlordane and gamma-chlordane were found in
sample BO8G79 at 330 ug/kg and 200 pglkg. No other pesticides or PCB were detected in

_the 116-F-9D test pit. Table 3-11 presents a summary of the detections.

_Copper, silver, and zinc detected in sample BO8(G79 were all above the Hanford Site

-~ background 95% UTL al values of 32.5 mg/kg, 7.9 mg/kg, and 246 mg/kg, respectively. No

inorganics were detected above the 95% UTL in any of the other samples. Table 3-11
summarizes the detected inorganics.

3.6.3.2 Radionuclide Analysis. The radionuclides detected were: potassium-40, cobalt-60,
strontitim 90 cesium 137 europium 152, radium 226, thorium- 228 thorium-232,

ﬁiczccaon, was 8*6 ,?Q.(g,,mf samp!ﬂ,Bf‘&G 8. -The maximum-gross beta detected-was in
- sample B08G79 at 100 pCi/g. Only potasswm -40 and strontium-90 concentrations exceeded

1.1 pCi/g. The maximum strontium-90 concentration, 39 pCi/g, occurred in the 9 ft to 10 ft

interval.” The concentrations of potassium-40 ranged from 13 to 15 pCi/g (Table 3-13).

-~ o o o wee w

1 lﬁ-F-QT) test pit 1nvcsugat10n

Field screening of radioactivity was performed by the well site geologist. The site
gross gamma background was 75 cpm. The maximum reading for the test pit 116-F-9D was
400 cpm at the 9 ft to 10 ft bis interval. Readings exceeding site background were recorded
only at this interval.

The well site geologist also performed field screening for hexavalent chromium on
soils from 17 ft bls. Hexavalent chromium concentration was < 10 ppm.

3.6.4 Summary

Volatile organic compounds detected at or above the CRQL in 116-F-9C borehole
were: 2-butanone (23 ug/kg), acetone (12 ug/kg), and toluene (10 pg/kg). The VOC

__maximum detected values in the 116-F-9D test pit were: acetone (66 ug/kg),

4-ethyl-2-pentanone (13 ug/kg), and toluene (87 pg/kg). Field screening for VOC did not

~detect any values greater than the action level (5-ppm).- Bis(2-cthylhexyl)phthalate was the

only semi-volatile organic compound detected above the CRQL (330 ug/kg) in the 116-F-9D
test pit at 340 ppg/kg. No semi-volatiles were detected above the CRQL in the 116-F-9C
borehole.
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~ Alpha-chlordane and gamma-chlordane were detected in both 116-F-9C and
116-F-9D. The maximum values for these two constituents were found in the 116-F-9D test
pit. No other pesticide or PCB was detected.

Copper, silver, and zinc were all detected above the Hanford Site background 95%
UTL in the 116-F-9D test pit. All of the inorganic contamination was detected in the 9 ft to
10 ft bls sample. Historical data for organic, inorganic, and nonradionuclide constituents are
not available for comparison.

The maximum radionuclide contamination for both the borehole and test pit
investigated for the LFI occurred in the 9 ft to 10 ft bls interval. Potassium-40 and
strontium-90 were detected in all of the samples and were the only radionuclides detected
above 1 pCi/g with the exception of carbon-14 in 116-F-9C. Geophysical borehole logging
of 116-F-9C showed only trace amounts of cesium-137 at 17 ft bls. Field screening at both
sites investigated showed maximum readings in the 9 ft to 13.5 ft bls interval.

Dorian and Richards (1978) provides no soil sample information on this waste site
because it was still in use in 1976. Six samples were taken to a maximum depth of 30 ft bls
in August 1979 and are reported in a memo from V.R. Richards to J.J. Dorian dated
August 10, 1981 (Deford 1993). The historical data shows the maximum contamination at
22.5 ft bis. The radionuclides detected at this depth were: cobalt-60, strontium-90,
cesium-137, europium-152, europium-154, europium-155, and plutonium-239/240. The
highest radionuclide detected was strontium-90 at 22.5 ft bls. No contamination was detected
- above 15 ft bls.- Contamination generally decreased with depth. A complete reporting of
this data and soil boring locations are presented in Appendix A.

3.6.5 Groundwater Assessment

Figures 3-4 and 3-5 present maximum concentrations of chromium and strontium-90
in 100-FR-3 groundwater from December 1992 through July 1993 sampling rounds (DOE-RL
1994b). Monitoring well 199-F5-46 is upgradient of site 116-F-9. Monitoring well
199-F5-43A is downgradient of site 116-F-9. The maximum chromium concentration in well
199-F5-46 was 303 ug/l in the December 1992 sample. The highest detected strontium-0
concentration in well 199-F5-46 was 13 ug/l in April 1993. The maximum concentration of
chromium in well 199-F5-43A was detected in January of 1993 at 12.8 ug/l. The maximum
concentration of strontium-90 in well 199-F5-43A was 2.7 ug/l in both January and April of
1993. Since the values for both constituents are considerably higher in the upgradient well,
it appears that the 116-F-9 site is not currently impacting groundwater.

3.7 116-F-14 RETENTION BASIN

The 116-F-14 (107-F) retention basin is an inactive liquid waste site that served as an
integral component of the F Reactor cooling system. [t isa 137 m (450 ft) by 70 m (230 ft)
by 7.3 m (24 ft) deep reinforced concrete basin that is divided lengthwise into two chambers.
The retention basin operated from 1945 to 1965, it received essentially all reactor cooling
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_ water passing from the reactor to the Columbia River. - The retention basin held water for a

brief period of time, allowing radioactive decay and thermal cooling to occur before the
water went into the Columbia River. The total volume of water has not been calculated, but
the flow rate ranged between 41,000 and 78,000 gpm (Deford 1993). Cooling water flowed
from the reactor into the south end of the basin through one of three large pipelines that
operated during different time periods. Water flowed from the north end of the basin
through a concrete pipe (o the 116-F-8 outfail siructure from which it flowed inio the nver.
In addition, there is a narrow ditch that extends from the northeast corner of the retention

" basin easiward to the Columbia River shoreline. This ditch, identified as the basin leak ditch,

is approximately 152 m (500 ft) long. The ditch was first used when a major release, in

- May. 1955, flooded the area- around the basin, The water drained to the Columbia River via

the basin leak ditch (Selby and Soldat 1958). This ditch later received effluent that

- -overflowed from -a manhole located-near-the north end-of the basin. An incident report
~-describes the release of effluent through the manhole, which apparently occurred on an

intermittent basis for an extended period of time before it was repaired (Heid 1956).

As early as September 1945, effluent springs began to appear along the riverbank in
association with retention basin leakage. At least 30 springs were identified along the
shoreline extending above and below the outfall structure for approximately 244 and 457 m
(800 and 1,500 ft), respectively (Healy 1945). Sampling of the water from these springs was
performed several times between October and November 1945 for thermal and gross
radiological characterization. This testing reported temperatures ranging from 14°C to 37°C
(57°F to 99°F) and concentrations of <2 x 107 to 7.3 x 10 ug/l, but it is not known what
these concentrations refer to. For comparison, effluent from the basin was also sampled
during this period, with a concentration of 0.2 ng/l and a temperature of 38°C (100°F)
reported. The highest observed temperatures and concentrations were reported in samples

. collected in the immediate vicinity of the outfall structure. An examination of the riverbank
--in- 1984 found only two remaining springs, at the river water intake and the eastern boundary

of the 100 F Area (DOE-RL 1992a).

- -~ -Shortly after the reactor was shut down in 1965, water within the basin was pumped
to the 116-F-2 overflow trench via the EM bypass ditch, several feet of fill material was
piaced over the remaining basin sludge for stabilization, and the basin walls were spray

-coated with-asphalt (DOE-RL 1952a). In 1987, the retention basin and associated ancillary

piping were decommissioned. This effort resulted in the demolition of the concrete walls,
with subsequent placement of this material and approximately 460 m (1,500 ft) of the 152-cm
(60-in) diameter effluent pipe within the basin footprint. The site was then partially
backfilled and covered with a soil cap.

Known leakage from the 116-F-14 basin appears to have occurred primarily along the
south and west sides (Dorian and Richards 1978). Estimates of leakage rates are not well
documented, but the presence of a groundwater mound beneath the basin extending as high

~as 3 m (10 ft) above the pre-existing water table elevation (Brown 1963} suggests that

significant leakage was occurring during this time.
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Figure 3-2 shows the location of the 116-F-14 retention basin and the approximate
location of the vadose zone borehole in the southern portion of the basin. Figure 3-15 is a
summary diagram of the LFI borehole data.

3.7.1 Geology

The 116-F-14 borehole is characterized by sandy gravel fill to a depth of 3 ft bls,
with an increased siit content (10%) in the 2.7 to 3 ft bls interval. The concrete liner was
encountered from 3 to 5 ft bls, and was reported to be poorly cemented, crumbly, and moist.

——. —._Soils in_the 5 to 23_ft bls_interval consist of sandy gravel (50% sand, 50% gravel). The 23
to 26.6 ft interval bls (total depth of borehole) is composed of gravelly sand (30% gravel,
70% sand). :

3,7.2 116-F-14 Borehole Soil Samples

Six soil samples were submitted for chemical and radionuclide analysis from the
- 116-F-14 borehole: B080Q4 (O ft to 2 ft bis), BOSNQS (2.5 ft to 5 ft bls), BOR0Q6 (5 ft to
7 ft bls), BOBOQ7 (10.5 ft to 13 ft bis), BOB0QS (16.6 ft to 18.6 ft bls), BOB0QY (23 ft to
24.5 ft bls). Four soil samples were collected for physical properties analysis: B08734
(13 ft to 15.5 ft bls), BO8735 (16.6 ft to 18.6 ft bls), B08736 (20.3 ft to 22.9 ft bls), and
BO8737 (23 ft to 24.5 ft bls).

- - 3.7.2.1. Chemical Analysis, - Volatile organic.compounds detected above the CRQL were,
acetone and toluene. Acetone had a maximum detection of 46 ug/kg in sample BOS0Q8.
Toluene had a maximum detection of 82 ug/kg in sample BO80QS5, and was detected in all
samples. Table 3-12 presents a summary of the detected VOC.

-~ The concentrations of diethylphthalate at 2,600 ug/kg in sample B080Q9 and
di-n-utylphthalate at 340 ug/kg in sample BO80Q4 were the only semi-volatiles that were
detected above the CRQL (330). Table 3-12 summarizes the detected semi-volatile organic
analysis.

No pesticides or PCB were detected.

The inorganic compounds that were detected above the Hanford Site 95% UTL were:
cadmium, copper, chromium, and zinc. Cadmium, copper, and zinc concentrations in
sample BO80Q6 were 1.5, 29.3, 87.4 mg/kg respectively. Chromium was detected in
samples B080Q6, BO80Q7, B0O8OQS., and B080Q9, with a maximum concentration of
124 mg/kg in sample BOB0Q6. Sample BOBOQ6 had the largest concentrations of inorganic
contaminants. Table 3-12 presents a summary of the detected inorganic compounds.

3.7.2.2 Radionuclide Analysis. Gross alpha was detected only in sample BO80QS5 at
14 pCi/g. Gross beta was detected in all six soil samples with a maximum concentration of
440 pCi/g in sample BO80QS. With the exception of uranium, the maximum concentrations
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occur in the concrete liner 2.5 ft to 5 ft interval (BO80QS5). Table 3-14 presents a summary
of the radionuclides detected in the 116-F-14 borehole.

3.7.2.3 Field Screening. Field screening of VOC performed by the well site geologist
yielded no readings of greater than the action level (5 ppm).

Field screening of radioactivity was performed by the well site geologist. Site
background for gross gamma was 2,800 cpm. The highest detected levels were in the 2.5 ft
to 5 ft bls interval with a maximum reading of 25,000 cpm. The beta background of
400 cpm was exceeded in the 2.5 ft to 5 ft bls interval at 500 to 600 cpm.

Hexavalent chromium field screening was performed by the well site geologist on
soils from 26.6 ft interval. No chromium was detected.

3.7.2.4 Geophysical Borehole Logging. The 116-F-14 borehole was logged from 0 ft to
23 ft bls. Man-made radionuciides identified during the spectral gamma-ray survey were
cobalt-60, cesium-137, europium-152, and europium-154. Cesium-137 was detected from

4.5 to0 23.5 ft bls, with the maximum calculated activity of 5 pCi/g from 6.5 ft to 7.5 ft bls.

Cobalt-60 was detected from 0.5 ft to 9.5 ft bls, with the maximum calculated activity of

- 31.pCi/g.at. 4 ft bls. Europium-152 was detected from.0Q.5 ft to.13 ft-bls, with the maximum

calculated activity of 730 pCi/g at 4 ft bls. Europium-154 was detected from 0 ft to
12.5 ft bls, with the maximum calculated activity of 92 pCi/g at 4 ft bls.

3.7.3 Physical Properties Samples

“Four samples were taken in conjunction with the 116-F-14 borehole investigation for

__physical properties analysis. Split tube samples were collected from borehole 116-F-14 at
~13.510°15.5 1,171 to17.6 1ft; 20.310°22.9 fi;and 23.5 to 24 {i bis. The first three

samples are described by the well site geologist as moist, sandy gravel. The fourth sample
was taken in sediments described as dry, gravelly sand. All four samples were collected in

the vadose zone. Due to the difficuity of collecting samples of the coarse-grained materiais,

the physical properties are biased toward finer-grained soils.

3.7.3.1 Discussion of Physical Properties. Laboratory sieve analysis showed that the

- sediment grain size-in the 13.5 to 15.5 ft-bls interval consisted of 0% gravel, 83% sand, and

17% siit and clay. The soil grain size in the 17.1 to 17.6 ft bls interval consisted of 59%
gravel, 38% sand, and 3% silt and clay. The soil grain size in the 20.3 to 22.9 ft interval
bls consisted of 0% gravel, 77% sand, and 23% silt and clay. In the 23.5 to 24 ft bls
interval the soil grain size consisted of 51% gravel, 44.38% sand, and 4.62% silt and clay.
The specific gravity (sG) was determined for both course and fine fraction of the samples.
The average sG for the four sample intervals was 2.73. The results for the various tests
listed below are shown in order of increasing depth.

. bulk density: 2.14 g/cc, 2.13 g/cc, 2.17 gice, and 2.16 g/ce

. moisture content: 2.93%, 2.6%, 2.71%, not analyzed
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. porosity: 25.87%, 13%, 23.41%, 28%

. hydraulic conductivity: 3.7%-02 cm/sec, 3.3e-02 cm/sec, 1.26e-03 cm/sec,
1.62e-04 cm/sec.

3.7.4 Summary

Volatile organic compounds that were detected above the CRQL (10 ug/kg) were
acetone and toluene. Both constituents were detected in all of the samples. The maximum
detection of toluene was 82 pg/kg in the 2.5 ft to 5 ft sample. The maximum detection of
acetone was 46 ug/kg in the 16.6 to 18.6 sample. Field screening for VOC yielded no
values greater than the 5 ppm action level. Di-n-butylphthalate and diethylphthalate were
detected above the CRQL (330 ug/kg) at 340 ug/kg (BO80Q4) and 2,600 ug/kg (BO80Q9),
respectively. No other semi-volatiles were detected above the CRQL. The origin of the
organic compounds is unknown. There is no historical record of these constituents being
used in the reactor effluent. No pesticides or PCB were detected during the 116-F-14 LFI.

Inorganic compounds cadmium, chromium, copper, and zinc were detected above the
Hanford Site background 95% UTL. Cadmium, copper, and zinc were all detected in the
5 ft to 7 ft bls sample. Chromium contamination was detected from 10.5 ft to 24.5 ft bls,
with the maximum detection in the 10.5 ft to 13 ft bls sample.

Radionuclides detected above 1 pCi/g in the 116-F-14 borehole include: carbon-14,
- cobalt-60, strontium-50, cesium~137, europium=152, europium-i54, europium-155,
plutonium-239/240, and americium-241. With the exception of uranium, the maximum
concentrations occur in the concrete liner in sample BO80Q5 (2.5 ft to 5 ft bls). The
radionuclides with the highest detections were europium-152 (940 pCi/g) and europium-154
(130 pCi/g). The only gross alpha value was in the 2.5 ft to 5 ft bls sample at 14 pCi/g.
The maximum gross beta concentration was in the 2.5 ft to 5 ft bls sample at 440 pCi/g.
Radionuclide values decreased with depth.

Dorian and Richards (1978) sampled thirty-two sample holes in and around the
116-F-14 retention basin. Sludge within the retention basin contained the highest
radionuclide concentrations, but only accounted for about 50% of the total radionuclide
inventory, because of relatively large volumes of contaminated soil beneath and around the
basin. Three sample holes driiled through the retention basin indicate that the majority of
contamination under the basin is confined to within 5 ft of the basin floor. Radionuclides
detected in samples taken inside the retention basin were: tritium, uranium, cobalt-60,
nickel-63, strontium-90, cesium-134, cesium-137, europium-152, europium-154,
europium-155, plutonium-239/240, and americium-241. The Dorian and Richards (1978)
radionuclide concentrations were typically higher than those found in the LFI. Radionuclide
concentrations of selected samples from test holes drilled at the retention basin, and of
samples taken of soil fill and sludge at the backhoe sampling locations are presented in
Appendix A.
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Four sites, analogous to the 116-F-14 site and located in other source operable units
have been examined thus far by LFI. These are 116-C-5, 116-D-7, 116-DR-9, and 116-H-7.
To assess the concept that these sites are analogous, a comparison of radionuclide and
chemical analytical results from the LFI sampies was performed. Chromium was detected in

~ — — —alof the analogous sites. Cadmium and copper were only detected in one other analogous

- site. - Eittde-similarity-could- be feund for VO, -semi-velatiles; and no pesticides or PCB

were detected with the exception of aroclor-1260 at site 116-DR-9. Radionuclides detected
-in-the analogous. sites are similar_to-those at the 116-F-14. Table 3-13 presents a comparison

- ﬁf the maximum detected constituents in the analogous facilities.

3.7.5 Groundwater Assessment

Figures 3-4 and 3-5 present maximum concentrations of chromium and strontium-90
in 100-FR-3 groundwater from December 1992 through July 1993 sampling rounds (DOE-RL
1994b). Monitoring well 199-F5-46 is upgradient of site 116-F-14. Monitoring well
199-F5-3 is downgradient of site 116-F-14. The maximum chromium concentration in well
199-F5-46 was 303 ug/l in the December 1992 sample. The maximum concentration of
strontium-90 was 2.7 in both January and Apnl of 1993. The only chromium value detected
in well 199-F5-3 was 30.6 ug/l in April of 1993. The maximum concentration of
strontium-90 was 250 pCi/l in January 1993. Since the strontium-90 values are considerably
nigher in the downgradient well, it appears that the 116-F-14 site is currently impacting

arnnndumtar
Bluuiiu waill.

3.8 108-F FRENCH DRAIN

-The 108-F french-drain is located on the east side of the 108-F biology building.
Dates of operation for this unit are unknown. The drain is constructed of a 30 inch steel
pipe of unknown length. Tt is buried to a depth that places its upper surface a few inches
above grade. It has a steel lid and is gravel filled (Deford 1993). This site received
condensate from laboratory hoods inside 108-F that were possibly contaminated with
plutonium-239 and beta emitting isotopes (Ruppert 1953).

Figure 3-1 shows the location of the 108-F french drain and associated hand sampling
location investigated for this LFI.

3.8.1 Geology

Limited fieid investigation activities at'the¢ [08-F french drain consisted of one hand
sampling excavation where two soil samples were taken from | to 1.5 ft and from 3.5 to
4.5 ft bls. There is no geologic description from this LFI activity but it is assumed that the
soils are composed of sands and gravels similar to that encountered at other waste sites.
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3.8.2 108-F Soil Samples

Two soil samples were collected and submitted for chemical and radiological analysis
from hand sampling the 108-F french drain, the surface sample BO8OR4 (0 ft to 1 ft bls), and
BOSORS (3.5 ft to 4.5 ft bls).

3.8.2.1 Chemical Analysis. Toluene was above the CRQL (10 ug/kg) in BOSOR4 and
BO8ORS at 86 ug/kg and 480 pg/kg. No other VOC were detected. Table 3-14 presents a
summary of the detected volatiles.

Semi-volatile compound bis(2-ethythexyl)phthalate was detected in excess of the
CRQL in both samples at 4,100 pg/kg and 580 ug/kg. The next highest maximum value was
benzo(a)anthracene at 62 ug/kg. Table 3-14 summarizes the semi-volatiles detected.

Polychlorinated bipheny! aroclors-1254 and -1260 were detected in sample BOSORS at
240 and 150 pg/kg and in sample BOBOR4 at 1,600 and 720 ug/kg, respectively. The CRQL
for these constituents is 33 ug/kg. Table 3-14 presents a summary of the detected pesticides
and PCB.

Chromium, copper, lead, and zinc were all detected above the Hanford Site
background 95% UTL in both samples. The maximum detection of chromium was
164 mg/kg in sample BO80R4. The maximum detected copper was in sample BOSOR4 at
73.8 mg/kg. The maximum detection of lead was 129 mg/kg in sample BOSOR4. The
maximum detection of zinc was 79.7 mg/kg in sample BOSORS. Table 3-14 presents a
summary of the detected inorganic compounds.

3.8.2.2 Radionuclide Analysis. The maximum gross alpha detected was in sample BOSOR4
at 250 pCi/g. Gross beta was only detected in sample BOS0RS (13 pCi/g). The
radionuclides detected above | pCi/g were: potassium-40, cesium-137, plutonium-238,
plutonium-239/240, and americium-241. The maximum radionuclides detected were
plutonium-238 (220 pCi/g) and plutonium-239/240 (34 pCi/g) in sample BOB0R4. The
values for plutonium-238 and plutonium-239/240 in sample BOSORS were 66 pCi/g and
-1-pCi/g-respectively. Table 3-14 summarizes the detected radionuclide concentrations.

3.8.2.3 Field Screening. No VOC or radionuclides were detected with field instruments
during the hand sampling of the 108-F french drain.
3.8.3 Summary

Toluene and bis(2-ethylhexyl)phthalate were detected in excess of the CRQL. No
other organics were detected above the CRQL.. No historical records indicate the use of
these constituents 108-F Laboratory. Polychlorinated biphenyl aroctors-1254 and -1260 were

detected in the O ft to | ft bis sample at 1,600 ug/kg and 720 ug/kg.

Inorganic compounds detected above the Hanford Site background 95% UTL were:
~ chromium, copper, lead, and zinc. The maximum detections of chromium, copper, and lead
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were found in the surface sample. The maximum detection of zinc was found in the 3.5 ft to
4.5 ft bls sample.

Radionuclides detected in the hand sampling of the 108-F french drain include:
potassium-40, cesium-137, plutonium-238, plutonium-239/240, and americium-241. The
highest gross alpha value was in the surface sample at 250 pCi/g. The highest radionuclides
deiected in the surface sample were plutonium-238 and plutonium-239/240. Gross beta was
only detected in the 3.5 ft to 4.5 ft bls sample. No historical sampling data was available for
comparison. No analogous sites were sampled.

3.8.4 Groundwater Assessment

Figures 3-4 and 3-5 present maximum concentrations of chromium and strontium-90
in 100-FR-3 groundwater from December 1992 through July 1993 sampling rounds (DOE-RL
~-1994b). - Monitoring well 199-F5-4 is upgradient of the 108-F french drain. Monitoring well
..-199-F5-45 is. downgrar_hent of the 108-F french drain. The maximum chromium
concentration in well 199-F5-4 was 21.1 ug/l in the December 1992 sample. Strontium-90
- -was noi detected i weil 159-F5-4. - The maximum chromum value detected in well
199-F5-45 was 7 g/l in March of 1993. The maximum concentration of strontium-90 was
1.6 pCi/l in March 1993, The slight increase in strontium-90 from the upgradient well to the
downgradient well could possibly indicate that the 108-F french drain is impacting
groundwater, but further investigation would be in order to accurately determine this site’s

impact on the groundwater.

3.9 116-F-5 BALL WASHER CRIB

The 116-F-5 Ball Washer Crib is an inactive waste site that received liquid waste
_ containing nitric acid derived from the decontamination of boron steel balls. Dates of
operation for this unit are unknown. The crib measures 3 m by 3 m by 3 m (10 ft by 10 ft
by 10 ft) and is located 250 ft southwest of the 103-F building. The site reportedly received
3,000 1 of liquid waste. The crib has been fully backfilled and appears today as an
-.unmarked, gravel-covered field. It is defined by four concrete monuments with
"Underground Radioactive Contamination" warning signs (Deford 1993). Figure 3-3 shows
the location of 116-F-5.

3.9.1 Geology

The 100-FR-1 LFI did not include a field investigation of the {16-F-5 Crib. It is
. .assumed that the crib is.underlain by.sediments similar to that found in the 116-F-4 vadose
zone borehole.
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3.9.2 LFI Data

Because the 100-FR-1 LFI did not include a field investigation of the 116-F-5 site,
data are not available for the following:

soil concentrations of organic, inorganic and metallic constituents
physical properties of the soils

field screening for VOC and radiological contamination
geophysical borehole logs.

3.9.3 Summary

Dorian and Richards (1978) detected radionuclides strontium-90, cesium-137,
europium-154, and europium-155 in one sample taken at the 116-F-5 site at 10 ft bls. All
values detected in the investigation were <1 pCi/g. The results of the analysis and soil
boring locations are presented in Appendix A. No analogous sites from other 100 Area
operable units have been investigated for comparison.

3.9.4 Groundwater Assessment

Figures 3-4 and 3-5 present maximum concentrations of chromium and strontium-90
in 100-FR-3 groundwater from December 1992 through July 1993 sampling rounds (DOE-RL
1994b). Monitoring well 199-F5-47 is downgradient of site 116-F-5. No monitoring well is
located close enough to this site to be considered an upgradient well. In well 199-F5-47 the
maximum detection of chromium was 20.7 ug/l in April of 1993. The maximum level of
strontium-90 was detected in April 1993 at 3.8 pCi/l. No comparison between upgradient
values and downgradient values was possible, however, based upon vertical extent of

- contamination it appears that this site 116-F-5 is not currently impacting groundwater.

3.10 116-F-8 OUTFALL STRUCTURE

The 116-F-8 outfall structure and river discharge lines served to dispose of cooling
water effluent from the 116-F-14 retention basin to the Columbia River for final disposal.
The outfall structure also provided overflow capability in case the outfall lines became
plugged. The outfall structure was an open, reinforced concrete structure that directed water
through either the river discharge lines or through the spillway. The river discharge lines
consisted of two 107 cm (42 in) diameter steel pipes extending from the outfall structure
approximately 137 m (450 ft) into the river. The concrete outfall structure measured 8 m
(27 ft) by 4 m (14 ft) by 8 m (26 ft) deep, 7.5 m (26 ft) of which are below grade. The
spillway was also of concrete and was about 61 m (200 ft) by 4.5 m (15 ft) with .6 m (2 ft)
high side walls (DOE-RL 1992a).

In 1984, an inspection of this system reported that 15 to 38 m (50 to 125 ft) of both
of the discharge lines had been dislodged and carried away by river current. Efforts to locate
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these sections were unsuccessful (Beckstrom and Steffes 1986). Currently the outfall
structure appears as an earthen mound. The portion of the outfall structure that extended
above grade is demolished into the cavity and the entire structure covered with clean soil.
~The upper portion of the spillway appears to have been demolished and covered with clean
soil. About 7.5 m (25 ft) of the lower portion of the spillway is intact and exposed.

No radionuclide or hazardous chemical inventory has been calculated for this waste
site. Figure 3-3 shows the location of the 116-F-8 Qutfall Structure.

3.10.1 Geology

No site-specific geologic data are available for the 116-F-8 outfall structure.

3.10.2 LFI Data

Because the 100-FR-1 LFI did not include a field investigation of the 116-F-8 outfall
structure, data are not available for the following:

. soil concentrations of organic, inorganic and metallic constituents
. physical properties of the soils

- & — field sereemng for VGC-and radiological contamination
. geophysical borehole logs.

3.10.3 Summary

- - Two sites;-analogous to- the -1 16-F-8 site andtocated-in other source operable units,

have been examined thus far by LFI. These are 116-D-5 and 116-DR-5. To assess the
concept that these sites are analogous, a comparison of radionuclide and chemical analytical
results from the LFI samples was performed. No inorganic compounds were detected in
either of the analogous sites. No similarity exists for VOC, semi-volatile, or pesticide/PCB
contamination in the analogous sites. Sites 116-DR-5 and 116-D-5 detected potassium-40 at
13.5 pCi/g and 12 pCi/g respectively. Table 3-15 presents a comparison of the maximum
detected constituents in the analogous facilities. '

3.10.4 Groundwater Assessment

Figures 3-4 and 3-5 present maximum concentrations of chromium and strontium-90
in 100-FR-3 groundwater from December 1992 through July 1993 sampling rounds (DOE-RL
-..1994b). . The .116-F-8 outfall structure is-located.-adjacent  to-the Columbia River and there
are no downgradient wells to assess the impact to groundwater.
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3.11 116-F-10 DUMMY DECONTAMINATION FRENCH DRAIN

The 116-F-10 dummy decontamination french drain was used from 1948 to 1965.
This unit received radioactive water rinses and spent nitric acid from the decontamination of
fuel element spacers and other reactor hardware, primarily pressure tube caps. The drain is
made of 1 m (3 ft) diameter by 3 m (10 ft) vitrified tile with 1 m (3 ft) extending above
grade. 116-F-10 is located about 61 m (100 ft) south of the 100 F Reactor Building. Today
the surface in the area of the drain is covered with cobbles and there is little vegetation

growing.

-‘This-unit received an estimated -400, -of liquid-wastes. In addition o0
radionuclide contamination 116-F-10 also reportedly received 2,000 kg of sodium
dichromate, 2,000 kg of sodium oxalate, and 2,000 kg of sodium sulfamate (Deford 1993).

Figure 3-3 shows the location of 116-F-10 dummy decontaminatton french drain.

3.11.1 Geology

The 100-FR-1 LFI did not include a field investigation of the 116-F-10 french drain.
It is assumed that the drain is underlain by sediments similar to that found in the 116-F-6
vadose zone borehole.

3.11.2 LFI Data

Because the 100-FR-1 LFI did not include a field investigation of the 116-F-10 site,
data are not available for the following:

soil concentrations of organic, inorganic, and metallic constituents
physical properties of the soils

field screening for VOC and radiological contamination
geophysical borehole logs.

3.11.3 Summary

Doran and Richards (1978) investigated three soil borings where samples were taken
from 12.5 ft to 27 ft bls. The highest radionuclide concentrations were found in the 12.5 ft
interval in soil boring "B". Radionuclides detected in the 12.5 ft sample were: tritium,
cobalt-60, strontium-90, cesium-134, cestum-137, europium-152, europium-154, and
europium-155. The highest of the detected radionuclides were: tritium, cobalt-60,
europium-152, and europium-155. Appendix A presents the Dorian and Richards (1978)
analytical results and sampling locations for the 116-F-10 site.

Two sites, 116-B-4 and 116-H-3, have been identified as being analogous to the
116-F-10 site. The LFI sampling data from the 116-H-3 site showed no VOC, semi-volatile,
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pesticide/PCB, inorganic, or radionuclide contamination. The sole source of sampling data
for site 116-B-4 is from historical sampling. The estimated 1978 inventory of radionuclides
for the 116-B-4 site were 2.0 Ci, the 116-H-3 site inventory was 0.07 Ci, and site 116-F-10
had an radionuclide inventory of 0,12 Ci (Dorian and Richards 1978).

3.11.4 Groundwater Assessment

Figures 3-4 and 3-5 present maximum concentrations of chromium and strontium-90
in 100-FR-3 groundwater from December 1992 through July 1993 sampling rounds (DOE-RL
1994b). Monitoring well 199-F8-2 is upgradient of site 116-F-10. Monitoring well
199-F5-47 is downgradient of site 116-F-10. Chromium values in the upgradient well were

~ not appreciably different from those values found in the downgradient well. The maximum

strontium-90 concentration in upgradient well 199-F8-2 was 41 pCi/l, and the maximum
concentration in the downgradient well 199-F5-47 was 3.8 pCi/l. It'does not appear that the
116-F-10 trench is currently impacting groundwater.

3.12 116-F-11 CUSHION CORRIDOR FRENCH DRAIN

The 116-F-11 cushion corridor french drain is an inactive liquid waste site used
between 1953 and 1965. The drain is located near the southeast corner of the 105-F reactor
building and was used to dispose of cushion corridor liquid decontamination wastes. This
unit is a tile pipe ! m (3 ft) in diameter and a depth of 1 m (3 ft), extending about an inch or
two above grade. It has a metal lid and is protected with three yellow steel stand pipes.
There are no radioactive material warning signs or other identifying markers (Deford 1993).

This disposal unit received 200,000 | of liquid decontamination wastes from the
cushion corridor area of the reactor. No documentation could be located that characterizes
the waste transferred to the 116-F-11 drain or that estimates the radionuclide content.
Figure 3-3 shows the location of the 116-F-11 french drain (DOE-RL 1992a).

3.12.1 Geology

'T}‘e ‘9{)‘1 A\-} LFI f}ld II\JI. il Llﬁde a lle-}d- iﬁ’veﬂlg ;0 f E 116'F 11 frenCh dl'a.'m.
|’
L

at found in the 116-F-3

vadose zone harehole

data are not available for the followmg

- ®.......soil concentrations -of .organic, - inorgani¢-and metallic const
. physical properties of the soils
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field screening for VOC and radiological contamination
. geophysical borehole logs.

3.12.3 Summary

No documentation could be located that characterizes the waste transferred to the
116-F-11 drain or that estimates radionuclide content. Site 116-D-6 is an analogous site that
was investigated for the 100-DR-1 LFI. Volatile organics and semi-volatile organics were
detected at levels below the CRQL in the 116-D-6 borehole. No pesticides or PCB were
detected, and no inorganics were detected above the Hanford Site 95% UTL. Radionuclides
detected were: carbon-14, potassium-40, radium-226, thorium-228, uranium-235,
uranium-238, plutonium-239, americium-241. Potassium-40 was the only constituent
detected above 1 pCi/g. Site 116-D-6 operated for 6 years while 116-F-11 was in operation
for 12 years so the radionuclide inventory for site 116-F-11 could potentially be greater.

3.12.4 Groundwater Assessment

Figures 3-4 and 3-5 present maximum concentrations of chromium and strontium-90
in 100-FR-3 groundwater from December 1992 through July 1993 sampling rounds (DOE-RL
1994b). Monitoring well 199-F5-4 is downgradient of site 116-F-11. No monitoring well is
located close enough to this site to be considered an upgradient well. In well 199-F5-4 the
maximum detection of chromium was 21.1 zg/l in December of 1993. No strontium-90 was
detected in well 199-F5-4. Since no upgradient values were available, the impact to
groundwater from the 116-F-11 site could not be determined.

3.13 116-F-12 FRENCH DRAIN

___The 116-F-12 french drain was used from 1944 to. 1964 and is located about 2 m
(8 ft) east of the original site of the 148-F pump house and lift station. The drain was used
from 1944 to 1964 to receive effluent pump prime from the lift station. The drain measured
1 m (3 ft) in diameter and was placed 2 m (6 ft) deep. The construction material is
-unknown, but probably consisted of clay or concrete pipe that was typical of other drains
used in this era.

No information could be located that characterizes the waste effluent or provides
radionuclide or hazardous chemical inventories. Figure 3-3 shows the location of the
116-F-12 french drain.

3.13.1 Geology
The 100-FR-1 LFI did not include a field investigation of the 116-F-12 french drain.

It is assumed that the drain is underlain by sands and gravels similar to those found in other
waste sites.
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3.13.2 LFI Data

Because the 100-FR-1 LFI did not include a field investigation of the 116-F-12 site,
data are not available for the following:

_ soil concentrations of organic, inorganic and metallic constituents
__physical properties of the soils
field screening for VOC and radiological contamination
geophysical borehole logs.

- 3.13.3 Summary

- - - ————No documentation could be located that characterizes the waste transferred to the
-+ wree116-F-11 drain or_that estimates its_radionuclide content. . No analogous facilities were
sampled.

T 3.13.4 Groundwaier Assessmeni

Figures 3-4 and 3-5 present maximum concentrations of chromium and strontium-%0
in 100-FR-3 groundwater from December 1992 through July 1993 sampling rounds (DOE-RL
1994b). Monitoring well 199-F5-46 is upgradient of site 116-F-12. Monitoring well
199-F5-44 is downgradient of site 116-F-12. Chromium and strontium-90 concentrations are
higher in well 199-F5-46 than in the downgradient well 199-F5-44 suggesting that the
116-F-12 french drain is not currently impacting groundwater.

3.14 116-F-13 EXPERIMENTAL GARDEN FRENCH DRAIN

The 116-F-13 experimental garden french drain was used from 1952 to 1976 to
dispose of effluent from radio-botany expeniments conducted in the 1705-F facilities. This
unit is 1 m (3 ft) in diameter and 1 m (3 ft) deep and is located in the northwest corner of
the animal research and testing area.

The drain received 10,000 1 of liquid wastes, however, no data could be located that
characterizes the waste effluent or provides radionuclide or hazardous chemical inventories.
-~ - Figure 3-3 shows the location of the 116-F-13 french drain.

3.14.1 Geology
The 100-FR-1 LFI did not include a field investigation of the 116-F-13 french drain.

It is assumed that the drain is underlain by sands and gravels similar to that found in other
waste sites.

3-35



DOE/RL-93-82
Draft A

3.14.2 LFI Data

Because the 100-FR-1 LFI did not include a field investigation of the 116-F-13 site,
data are not available for the following:

soil concentrations of organic, inorganic and metallic constituents
physical properties of the soils

field screening for VOC and radiological contamination
geophysical borehole logs.

3.14.3 Summary

No documentation could be located that characterizes the waste transferred to the
116-F-13 drain or that estimates its radionuclide content. No analogous facilities were found
to exist for the 116-F-13 experimental garden french drain.

3.14.4 Groundwater Assessment

Figures 3-4 and 3-5 present maximum concentrations of chromium and strontium-90
in 100-FR-3 groundwater from December 1992 through July 1993 sampling rounds (DOE-RL
1994b). Monitoring well 199-F5-46 is upgradient of site 116-F-13. Monitoring well
199-F5-44 is downgradient of site 116-F-13. Chromium and strontium-90 concentrations are
higher in well 199-F5-46 than in the downgradient well 199-F5-44 suggesting that the
116-F-13 experimental garden french drain is not currently impacting groundwater,

3.15 PROCESS/DISCHARGE PIPELINES

During the reactor operating period, three separate pipelines were used to transfer
water from the F Reactor building to the 116-F-14 retention basin. The oldest pipeline was a
107-cm (42-in) diameter concrete belowground pipe. This pipe was replaced with a 107-cm
(42-in) diameter steel pipe with aboveground and belowground sections in the early years of
operation. Deterioration and increased flow requirements resulted in the installation of a
third, 152-cm (60-in) diameter steel pipe, which also had aboveground and belowground
sections. Portions of the steel pipes have been removed and buried in the 116-F-14 retention
basin (DOE-RL 1992a).

3.15.1 LFI Data

Because the 100-FR-1 LFI did not include a field investigation of the
process/discharge pipelines, data are not available for the following:

soil concentrations of organic, inorganic and metallic constituents
. physical properties of the soils
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»  field screening for VOC and radiological contarination

. geophysical borehole logs.

3.15.2 Summary

Four sample borings were completed (Dorian and Richards 1978) along the
aboveground sections of the 107-cm (42-in) and 152-cm (60-in) pipes at points located
several hundred feet upstream from the retention basin inlet. No significantly elevated
concentrations of radionuclides were observed. Samples of scale inside the 107-cm (42-in)
effluent line were collected. The radionuclide concentrations in the scale were 170 pCi/g for
cobalt-60, 250 pCi/g for cesium-137, and 490 pCi/g for europium-155. Two constituents,
europium-152 and europium-154, were not reported above method detection limits.

© ~ " Appendix A presents-the Dorian-and Richards (1978) sampiing results and soil boring

* locations,

Analyses for inorganic, metal, and organic constituents was not performed by Donan
and Richards (1978), but the LFI data for the 116-F-14 retention basin sludge could be

1a fr tha ninalinag

o f Ao e to the dudee and ceale
considered analogous o the sludge and scale from the pipelines.

3.15.3 Groundwater Assessment

Because of the extensive nature of the process/discharge pipelines and their proximity
to other waste sites a groundwater assessment based upon the current monitoring wells is not

possible.

3.16 UN-100-F-1

The only documented unplanned release in the 100-FR-1 Operable Unit occurred in
‘March 1571, when the process sewer iine from the 141-C hog barn became biocked and
overflowed into the surface adjacent to the buiiding. The area of the spill is approximately
149 m? (1600 ft?) and is located east of the 141-C building. This site received wash water
from the animal pens when liquids were pumped from a manhole to unblock the sewer. The
wash water contained 4.00E-05 Ci of strontium-90 and 1.06E-06 Ci of plutonium-239. About
1,600 ft? of soil was contaminated (Stenner et al. 1988).

The area was backfilled with clean gravel after the incident. The area appears today
-._as.alevel, grass-covered fleld. _Figure 3-3 shows the location of the spill.
3.16.1 Geology
The 100-FR-1 LFI did not include a field investigation of the UN-100-F-1 french

drain. It is assumed that the spill is underfain by sands and gravels similar to that found in
other waste sites.
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3.16.2 LFI Data

Because the 100-FR-1 LFI did not include a field investigation of the UN-100-F-1
site, data are not available for the following:

soil concentrations of organic, inorganic and metallic constituents
physical properties of the soils

e field screening for VOC and radiological contamination
geophysical borehole logs.

3.16.3 Summary

. Dorian and Richards {1978) did not sample UN-100-F-1. No.analogous. facilities
exist for the UN-100-F-1 unplanned release.

3.16.4 Groundwater Assessment

Figures 3-4 and 3-5 present maximum concentrations of chromium and strontium-90 .
in 100-FR-3 groundwater from December 1992 through July 1993 sampling rounds (DOE-RL
1994b). Monitoring well 199-F5-46 is upgradient of site UN-100-F-1. Monitoring well
199-F5-44 is downgradient of site UN-100-F-1. Chromium and strontium-90 concentrations
are higher in well 199-F5-46 than in the downgradient well 199-F5-44 suggesting that the
UN-100-F-1 site is not currently impacting groundwater.

3.17 132-F-6 LIFT STATION DEMOLITION SITE

The 132-F-6 lift station is located at the southeast comner of the 105-F reactor
building. It operated from 1944 until 1965 to pump waste water from several reactor
building drains and sumps into the reactor cooling water effluent line. It may have also
pumped wastes to the [16-F-6 trench.

_ Constituents likely to be associated with waste at this site include radionuclides
(e.g., tritium, carbon-14, cobalt-60, strontium-90, cesium-137, europium-152, and
europium-154) and decontamination chemicals (e.g., sodium fluoride, nitric acid, and oxalic
acid). The lift station was demolished in situ in 1987 and backfilled with a minimum of 5 m
(15 ft) of clean fill. Fixtures, equipment, asbestos lagging, and sludge were removed and
buried elsewhere as solid waste (Deford 1993). The site appears today as a level, gravel
covered field (Deford 1993). Figure 3-3 shows the location of {32-F-6.
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- w7 = -The 100-FR-1 LFI did not'include @ field investigation of the | I .
is assumed that the lift station demolition site is underlain by sands and gravels similar to
those found in other waste sites.

3.17.2 LFI Data

- Recause the 100-FR-1 LFI did not include a field investigation of the 132-F-6 site,
data are not available for the following:
- "s0ii concentrations of urganic; morganic and metallic constituents
physical properties of the soils
field screening for VOC and radiological contamination
geophysical borehole logs.

3.17.3 Summary

Dorian and Richards (1978) sampled from a single location adjacent to the lift station
~© -~ T prior to demolition. Samples were coilected at 5 ft, 25 ft, and 30 ft bls. The maximum
contamination was found in the 5 ft interval, with europium-152 (92 pCi/g) being the highest
value detected. A complete listing of the Dorian and Richards (1978) analytical results and
soil boring locations are presented in Appendix A. Since the historical data were collected
before 132-F-6 was demolished, they probably do not represent the present status of the site.

Data collected from the analogous site 132-D-3 showed no organic or inorganic
contaminants and the only radionuclide contamination found was radium-226 at <1 pCi/g.

Figures 3-4 and 3-5 present maximum concentrations of chromium and strontium-90
in 100-FR-3 groundwater from December 1992 through July 1993 sampling rounds (DOE-RL
1994b). Monitoring wells 199-F5-47 and 199-F5-4 are downgradient of site 132-F-6. No
monitoring well is located close enough to this site to be considered an upgradient well. In
well 199-F5-47 the maximum detection of chromium was 20.7 ug/l in April of 1993. The
maximum level of strontium-90 was detected in April 1993 at 3.8 pCi/l. In well 199-F5-4
the maximum detection of chromium was 19.7 wg/l in April of 1993. Strontium-90 was not
detected in well 199-F5-4. Since no upgradient values were available, the impact to
groundwater from the 132-F-6 site could not be determined.
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3.18 PNL OUTFALL STRUCTURE

The PNL outfall structure is located a few meters upstream of the 116-F-8 outfall
structure. It was a simple spillway and measured 30 m (100 ft) by 3 m (10 ft) wide with
concrete side walls. This outfall structure received liquid waste from the animal pens that
was contaminated with strontium-90 and smaller amounts of cesium-137 and plutonium-239.
It also likely received cooling water effluent used in the 146-F Aquatic Biology Laboratory.

Only the lower portion of the PNL outfall structure is intact and visible today. The
vertical walls of the upper section were broken down and the walls and bottom of the
spillway were covered with soil (Deford 1993).

" No radionuclide or hazardous chemical inventory was located for this site. Figure 3-3
shows the location of the PNL OQutfall Structure.

3.18.1 Geology

No site specific geologic data are available for the PNL Outfall Structure.

3.18.2 LFI Data

Because the 100-FR-1 LFI did not include a field investigation of the PNL outfail
structure, data are not available for the following:

soil concentrations of organic, inorganic and metallic constituents
- physical properties of the sotls

field screening for VOC and radiological contamination

geophysical borehole logs.

3.18.3 Summary

No radionuclide or hazardous chemical inventory is available for this site, nor has any
soil sampling been accomplished in the immediate area. No analogous facilities were found
to exist for the PNL outfall structure.

3.18.4 Groundwater Assessment

Figures 3-4 and 3-5 present maximum concentrations of chromium and strontium-90
in 100-FR-3 groundwater from December 1992 through July 1993 sampling rounds (DOE-RL
1994b). The PNL outfall structure is located adjacent to the Columbia River and there are
no downgradient wells to assess the impact to groundwater. The probability of impact to
groundwater posed by outfall structures was rated low in the 100-FR-1 QRA (WHC 1993).
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3.19 132-F-1 CHRONIC FEEDING BARN

The 132-F-1 chronic feeding barn served as the main housing facility for sheep and
other livestock used in dose studies. The primary radionuclides used in these studies were
strontium-90, iodine-131, cesium-137, and piutonium-239. The chronic feeding barn was
cleaned and washed down regularly, with the waste water going to the 1607-F6 sewer
system. No records of decommissioning activities were found but it is assumed that it was
demolished sometime after 1980 and buried in place.

No historical records of radionuclide or hazardous chemical inventory exist for this
facility. Figure 3-2 shows the location of the 132-F-1 chronic feeding barn.

3.19.1 Geology

Limited field investigation of the 132-F-1 Chronic Feeding Barn consisted of one test
pit which was excavated to a depth of 6 ft bls. There is no geologic description from this
- -activity but it is assumed that the lithology is composed of sands and gravels that were
encountered at other waste sites.

3.19.2 132-F-1 Test Pit Soil Samples

One sample and three quality assurance samples were taken at a depth of
4 ft bls, sample B02701, B02702 (duplicate), B02703 (split), and B02704 (silica sand-blank).

3.19.2.1 Chemical Analysis. Acetone was detected in excess of the CRQL (10 ug/kg) in
the split sample (B07203) at 54 pg/kg.. Acetone was not detected in any of the other
samples. Table 3-16 presents a summary of the volatile organics detected.

-No-semi-velatile organic compounds were detected above the CRQL (330 ug/kg),
‘with_the exception of bis(2-ethylhexyl)phthalate (380 wg/kg) in the split sample (B07203).
Table 3-16 summarizes the detected semt-volatile organic compounds.

Gamma-chlordané was detected in sample B0O7201 (2.5 ug/kg) and its duplicate
- __sample BO7202 (4.7 ug/kg). No other pesticides or PCB were detected.

No inorganics constituents or metals were detected above the Hanford Site
background 95% UTL.

3.19.2.2 Radionuclide Analysis. Table 3-16 presents a summary of the detected
radionuciide concentration in the 132-F-1 test pit. The maximum gross alpha detection was
4.2 pCi/g in the spiit sample BO7203. The maximum gross beta detection was 35 pCi/g also
in the split sample B07203. The maximum radionuclide detection was 13 pCi/g of
potassium-40, all other radionuclide concentrations were <1 pCi/g.
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3.19.2.3 Field Screening. Volatile organic compounds were field screened using an OVM

_PID. No VQC were detected during the 132-F-1 chronic feeding Barn investigation. No

radionuclides were detected during field screening above the background level of 150 cpm.

3.19.3 Summary

Acetone was detected in one QC sample but in no other samples greater than the
CRQL. No semi-volatiles were detected above the CRQL. Gamma-chlordane was detected
in sample B07201 and its duplicate sample, no other pesticides or PCB were detected. Only
potassium-40 was detected in excess of 1 pCi/g, with a maximum of 13 pCi/g. No historical
sampling data or analogous site data were available for comparison.

3.19.4 Groundwater Assessment

Figures 3-4 and 3-5 present maximum concentrations of chromium and strontium-90
in 100-FR-3 groundwater from December 1992 through July 1993 sampling rounds (DOE-RL
1994b). Monitoring well 199-F5-46 is upgradient of site 132-F-1. Monitoring well
199-F5-44 is downgradient of site 132-F-1. Chromium and strontium-90 concentrations are
higher in well 199-F5-46 than in the downgradient well 199-F5-44 suggesting that the
132-F-1 chronic feed barn is not currently impacting groundwater.

3.20 APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS

Section 121(d) of CERCLA, as amended by the Superfund Amendments and
Reauthorization Act of 1986, requires that fund-financed, enforcement, and federal facility
remedial actions comply with ARAR of federal environmental laws and more stringent,
promulgated state environmental or facility siting laws.

Comprehensive Environmental Response, Compensation and Liability Act defines
applicable requirements as those cleanup standards, standards of control, and other
substantive environmental protection requirements, criteria, or limitations promulgated under
federal or state law that specifically address a hazardous substance, pollutant, contaminant,
remedial action, location, or other circurnstance at a CERCLA site. Relevant and
appropriate requirements are those cleanup standards, standards of control, and other
substantive environmental protection requirements, criteria, or limitations promulgated under
federal or state law that, while not "applicable” to a hazardous substance, pollutant,
contaminant, remedial action, location, or other circumstance at a CERCLA site, address
problems or sttuations sufficiently similar to those encountered at the CERCLA site that their
use is well suited to the particular site.

In addition to ARAR, CERCLA also provides for the consideration of
to-be-considered (TBC) guidance, nonpromulgated advisories or guidance documents issued
by federal or state governments that do not have the status of potential ARAR but which may
be considered in determining necessary levels of protection of heaith or the environment.
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Applicable or relevant and appropriate requirements may be further subdivided into
the following categories:

. Chemical-specific requirements - health- or risk-based numerical values or
methodologies that, when applied to site-specific conditions, result in the

-ommmmeso-- - —-wepabtishment-of nomericat values: -If a-chemical-has more than one such

- reguirement- that is ARAR, compliance shouid generally be with the most
stringent requirement. :

S EEEEES Location-specific-requirements - restrictions placed on the concentration of
hazardous substances or the conduct of activities solely because they are in
specific locations, such as wetlands or historic places.

. Action-specific requirements - technology- or activity-based requirements or

-~~~ - - limitations on actions taken with respect to hazardous wastes. These

requirements are triggered by the particular remedial activities that are selected
to accomplish a remedy.

Potential chemical- and location-specific ARAR are defined during the field
investigation portion of the CERCLA process and refined in the feasibility study and
proposed plan. Action-specific ARAR are generally defined during the phase I and II
feasibility study and refined in detailed analysis and the proposed plan. Potential ARAR and
TBC in all categories are defined in the 100 Area Feasibility Study, Phases I and 2
(DOE-RL 1992¢). For purposes of this LF!, only the potential chemical- and
location-specific ARAR are discussed. Potential chemical- and location-specific ARAR are
used in the LFI report as screening criteria for the evaluation of high-priority sites as IRM
candidates. This use of ARAR is not intended to set cleanup standards for the high-priority
sites. Potential chemical- and location-specific ARAR are presented in Tables 3-17 through

3-22.

Potential chemical-specific ARAR for soils are limited to those levels for hazardous
constituenis prescribed-in the staie’s Model Toxics Control Act (MTCA). Currently, MTCA

--has not-defined -levels- for radionuclides. ---Additienal seil limits are presented in Sprart Sof

RCRA for hazardous constituents and in DOE Order 5400.5 for radionuclides. These are
considered TBC for the 100 Area operable units. Potential chemical-specific ARAR for air
emissions are also identified for the 100 Area; however, these tend to also be based on
specific actions which have a tendency to increase releases to the air. Therefore, these are
more appropriately addressed in the focused feasibility study. Potential chemical-specific
ARAR are listed in Table 3-17 and 3-18; TBC are included in Table 3-19.

Potential location-specific ARAR are identified for the 100 Area because of the

.. .presence of threatened or endangered species and archaeological resources. In addition,

potential location-specific ARAR based on possible impacts to wetlands and floodplains are

- included. These are described in Tables 3-20 and 3-21; TBC are in Table 3-22.
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This discussion of potential ARAR is intended to be a refinement of ARAR presented
in the work plan. Additional evaluation of potential ARAR will be done in the FS phase.
Final ARAR will be determined in the record of decision.
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Figure 3-1 Limited Field Investigation Intrusive Sampling Locations (Reactor Vicinity)
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Figure 3-2 Limited Field Investigation Intrusive Sampling Locations
(Retention Basin Vicinity)
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Figure 3-3 Limited Field Investigation Facility Locations
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Figure 3-4 Total Chromium Concentrations in Groundwater,
Maximum 1992/93 Values From 100-FR-3 Monitoring Wells
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Figure 3-5 Strontium-90 Concentrations in Groundwater,
Maximum 1992/93 Values From 100-FR-3 Monitoring Wells

7 . .
4 - 100 F Area
L7 \ Mox. Rep. Conc. Rnds 1-3
A
-—-- .il Fl-i\ . Legend
! -
v ¢ Existing Well
ll 9
| 2 A Cercla Well
1 E MCL 8 pCi/L
. I Strontium—90 (pCi/L)
I: {/ = lUndetected
'I g 1§O 390 Meters
i
__7_‘ - B
FB—3{a
118—F—1 £
=7 hr 4 _ g ~r
AF/7=J A A ra—4
v 118~F-6 2 v
= [
o l/ 5
Lie
- - “ F Avenue North - J -
DOE-RL 1994b 6230-A11.0wC

3F-5



THIS PAGE INTENTIONALLY
LEFT BLANK



”*’: Draft A
Figure 3-6 Summary Diagram of
'116-F-1A LFI Borehole Data

Sampling Results for 116-F-1A Borehole
Sample Field Screening
Waste Site Geologic Log Lecation LFI Data 3—93 Spectral Sarmma Do-ian & Richords
‘ 3-93 3—93 3-93 2P AR P (rCi/g) (1976}
0 S VS A 9 -
S 0.0—20 1800 Cs=137 Ca=60 Evim152 Eu—154
116=-F—1 Lewis Canal e g Methyiene Chicride 1700 r
3000 Ft x 40 Ft x 10 Ft. o [ Gravelly SAND #8050M1 Toerie ) w60
Dr=n=—butyiph thaote 2500 58 E—su, Eu~ 5§._’ Eo-_ 8
a biv—(2-€ o Jphihaiote 1 15000 = —{Ce— 134, C5-137 Eu~t
Received liquid wastes . X, 4, : '
from F Redctor and ‘ I S 3 ——JE:E;@.EG&E:S..;—J
190--F buildings and ;"5"5" 4.0 -22.0 40 c'_,;";‘_% 40 T4s 200930 . Cs-147, £u—185, U
decantamination wostes W o | Sondy GRAVEL =137, Eum152 , 5 Fu=239 /240, Sre50, H-3
from 189—F buiding; 000 Ra—228, Th—228 ) Eu=152 Co=BQ, Eu~ 54
occasionaily, contaminated L=o Th—232 ‘| 1800 . CE—134, Ca=137. Eu=15%, U
regctor cootant. E£ffluent :,oc; ‘ : S—90. H-3, Eu=-152
water croned to river [ ! - 7.5 ||¥9% H-3 Eu- 2 4
via 1his trench during <:)°uC g‘:—‘ﬁ%‘ E'IJ.I 154, C1
Bali 3x cutoge in 1953 3 :)Q
, P~ [ Teiuene
1953~ i =9 . . e . . Pu~239/240, Sr—30. H-3
10 95.w 1960 /Inactive =t 9.5'=11.0 .._%, B-a;‘g;;;uou : 10 Er—uz b0, Eum 54 1C
I b FEOEON2 U—238, C-14 . Cs=134, Cp-137, Eu-155
oo < K-40, Ra=226 1800 ' -
=9 Th-228, Th=232 .
o -
b at
= _ 1800
is 9 l;«thyuu Chioride
i.% 14.5'~16.2" %hﬁ";z"m,." Aot 15 590 n-3. co-134
o0 FBOBON3 02238 cora 1500 ""Es-m. Eu-135, U
a® K~40, Ra-226 ' '
OO : [3h-228. Th—-232 |
e 0 ! 1800
oG9 _ 18 : :
*9 Acetone 1800 —HEu—152 Ca=137
[=] ' . Toluene '
P 18.0°--20.0 LA, u-233/234 1800
& d #E080N4 U-238, Crid
20 of, K~40, Ra- 226 : 20
> o Th-238. Th-232 1700
bo% -
.0 1700
= : |
S |
Total Depth = 22.0 Feet,
i \
30 — 1 i ' .30 ——
EH
i :
! i .
1 | 1
i ]
: |
{ |
, { '
] 1
i .
t % . . !
40 ___ ' 3 40 ___
Notas, . ‘ -
LFi Dc‘;lo = Angiytical leb resuits for ol inergunic constitvents greatar than 95% upper threshold 1976 Radiochemical Dota — Al detectea rodionuclides at the corresponding depth interals are shown. I
limits and ot detected orgaric compounds and radionuclides are shown. ] : , ! ‘
7 ) Fieid scrsening wahies greater than non—detect cr background are recorded 'in this figuie. ‘
Field Scresning — Action leveis for voiotie orgonic compounds (VOC) was 5 ppm and gross Ali sampies were fisld screened. ! o
gamma (y) radiation was twice background. ) ! ' '
! . orehole Spectral/Gomma Leg - Bars indiote interval of borehaie whire radionuclide wes detected.
Surveyed elevation to top of brass disc 391.09 fest (NGVD—29). .

1T6F14 T
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Sampling Results for 116-F-1B Test Pit i Figure 3-7 Summary Diagram of the
Sample Field Sereening ‘ 116-F-1B LFI Test Pit Data
‘ waste Site ‘ Location LFi Data 3-93 Dorian & Fachards
- — poAR {1976) )
i 3-93 3-93 B 4 .
NE=F=1 Lewis Conal 0.0'-1.0" #B0BGES —— [ e ; :
3000 Fi = 40 FL x 10 FLL BH2-Sthymaxydahnlite 2t | (=90 Eu-152. Co=160
g LT Gy, Ca-137. Eu-158
Recewed licuid wasies W-233s234. U-230 3'_4‘,‘!‘“ —a9 - -3
trom F Reactor and K48, CarsdT, Re-228 X ﬂu_'z:wzw. s-[l;lf.lsn‘
Th-228, Th337 1Ew=152 Co—80. Eu
190—F budcings ond i 5 |Co-137, Bu-455. U
deconiommnation woates . — {Pu=239/240. 590, H=3
from 189-F building: 5.0° #BOBGEs _ [Eu-152 Co 80, Enei134
occamonally, contominated W Charm o134, Com137. B3R U
regetor coolont, Effuent ' T — o ) !
woter gromed to fiver Ciaturymamante 7.3 —UE:—%%. ':::—1152-&53137
vid thrs trenmch curin, Sui2-Ermrmeaipkthaisis |[Eu—155. U
Ball 3x outoge in 1953 '
U-133/234, U-230 -
e 1953-1960 nactive We, Cota? 100 L F-23e/240, o0, ne3 10
T 10.0° JBOBGET——n lingzt0 Tnzzs v -4'1&.-1;;. PR e PP
. '
L] Dbt ypnmnia te !
i3 imyr i yicA e ints
. 19 _1iF-5. n= 134
15.0" FBOSGEE — u‘-mnu. 238 S e Al vl
K.d0. Ca-13t I
‘1 ||Re-220. The220
Total Depth = 17.0 Feet . 237
] — |
Tolel Depth = 17.0 Feet — 18 —Hes- 18 cam137
I-repxacng
Tadurind.
20 Ok-tatymttaincy : 20
U-233/234, 4138
K40, .
Pa: 126, Th-718 ;
_!_h-au 1
1n . 3
!
|
|
a7 : ‘ 4T
we—— Notes: [ )
LF1 Dota = Andivtical loo resuits for all inorganic canstituents greater thon $5% upper threshold 1976 Radischermical Data ~ Al detected radivnuciiden ot the corresponcing depth intervols wos show-
limits andt ail Getected organic compounds ond rodionuclides ore snown. |
Field Screenng — Acu;on levets for volotie organic compounds (VOC) was 5 ppm and gross goming  Figld soreening waluas greater than non—detect of background ore recorded i this figure.
() rodiotion was twice background. Al somoles wers field screened. .
| .
! 1

116F14
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0

20

30

40

Waste Site

Notes:

116-F—1 Lewis Condal l
3000 Ft x 40 Ft x t0 Ft.

Received liquid wostes
from F Reoctor and -
190-F buidings and
decontamination wosies
from 189—F building;
occasionolly, contaminated
reacior coclont. Effluent
water drained to river
via this trench during
Ball 3x cutage in 1953,

1953-1960 /inactive

Toted Depth = 20.0 Feet

Sampling Results for 116-F-1C Test Pit

3-33 Dorian & Richards
(1876)

10.0° §B08G74

[oatone
T Dt

H Di-n-butypnimalase
Dia2-E Myt xyiks

U-1337134, U.228
K-40, C3-137. Ra.230y
Th-128. Th-232, U-238

15.0° #PBOBGTS ——

20.0' #BOBGTE —

Total Depth = 20.0 Feet

—
e

M Totsene '

U-233/334, 4208
K-10, As-228
[Fw238, Th-232

Aoatons

Tolusne

Di-n-butyiphthelet

Bllﬂ-égj\h.w ;yllezmuon
I

U-2337234, U238

K-40. Rs-226
Thi228, Th232

Dt ib-Duty iphitgisti
buljz-E:nym”qb.wxmu
U-123/23¢, 23
K-40, Ra-228
Th-228, Th-232

Agatone
D‘;Hﬂvﬂmﬂ )

i
U230/234, U228
K-€Q, R#-228 |
The220, THe232

2 5' Sr=90, Eu—132, Co-160
s =134, Ca=137, Eu—15%

'
3 A Pu=232/24Q. Sr=90, H-3
Eu=152 Co—80. Eu—154
f Co=137, Eu—-138,
5 Pu=239 /240, Sr—9Q, H=3
Eu~1%2 Co—80, Eu—13+4
Ce~124, Co-137, Eu—155, U

Sample Field Screening
Location LFl Dato
— - & A9 ]
J-93 3-93 GFEQ v A
0.0-1.0' 808570 ——f Tonene.
S
FBCacT § Tettzohioroatneres
o8G72 b 1-Butanone
B8G77 TH {| 4-4eeityl2-pentarone
v xaions
Db-A-Dutyiphthala e
“iﬂ—ehﬂﬂlymmt.
5.0' geoec7s — ||1&
B, sr-s0

7 5' Sr—50, H-3, Eu—152
e Ca—&g.s ELI;-‘I!H. Ca=137
w155,

. ~230/240, =90, H-3
10’ _Ljru-152 ‘Co—t0, £u=154
I Com134, " Com137, Eum155

15" _| [Er-g0, -3, Cy1:4
C3-137, Eu—155 ¥

.
18" ez cwrsr

ILF Data = Analyticol lob results for all inorgonic constituents greater thon 95% upper threshl‘ﬂd
limits ond oll detected organic cornpounds and rodionuclides are shown.

0

20

30

40 __

1976 Rodigchemical Dota — All detected radionudides at the corresponding depth istervals are shown.

Flald Screening — Action levels for volgtie organic compounds (VOC) wos 5 ppm ond gross comma  Fleld sereening woluas grecter thon non—detect or background ore recorded in this figure.
(¥) rodiotion wos twice bockground.

All saroples were flald scresned.

116Ft4

DUE/ KLL-Y3-52
Draft A

Figure 3-8 Sumumnary Diagi
of the 116-F-1C LFT Test Pit
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Tl b

10

20

0

40

116F2

Wiaste Site

|
\
<

i

116=~F~2 Basin
Overflow Trench

300 Ft x 50 Ft x 15 Ft.

Racaived effluent
overflow from the

116~k ~4 retention bosin
at tirnes of high gctivty
due to o fuel eiemaent
failure; also recieved

| overflow from F Reaclor
fuel storage basin
durmc degetivation of
the ralentnon bosin.

1950—!955/lnachve

Notes:

Sampling Results for 116-F-2 Borehole

Sampie Field Screening
Geologic Log Location LFI Data 3=-093 Spectral Gammag Derian & Richards
3-93 3-93 3-93 DA (pCi/q) (1576)
; S e g 9 0
bO%, : r 753 | 1450 Eu-154
20 % Q0-5.0 0.6'—2.0 B 75 {1300 r
SO 9 ‘ — -
©9% Sandy GRAVEL  yBOBOMS TR Umais 75 1350
o Co-60, Csm137
boS £ T 75 {1350
o226, The
o 0.9 T332 160 {1500
b 0%
3 5.0-7.5 ?
° Co-80 | Eu-152
Gravelly SAND ! 50 1400 r -
. . - Cs-137
L [k b Yuoronth
r5vY 7.5 =24.5 Ca o, e £ [
b o] Sondy GRAVEL U-233/234
L oe U~235, U238
=S 'z"iE’i% p;;;z”/ + 1[5-s0, H-3
0% Se=30, Cu14, Comtd D | 2000 . 10" Eu=i52. Com60, Eu-isa 10 o
p . . €3-137, Eu—1 143, " 1
po-C: 10.0 —126.0 —-E,:154. r-ts? 5.6 . 3000 “"
oo #5080M 160 | . |e000
o © ;
090 8 ;
. o 36 | 15000
U—233/234
po T g-z'z‘gsfzu-ozx ‘ oo ey Sc-90, Eu-152, Com80
. A , - + +is.o 46 ' -390, £u-152, Com
509 R e 20 150 163 15 _.Ew;%zm. s
4 C—14, K—40 u=-
P ‘ Co—58, Co—60 5000
A CoT. Tumi32 5500
009 L"':' o + | [E-0. Eu-152. Comb0
s Ro-226. Th-228 18" ) u-152,
P% foa a, . | 6000 u
009 . . u-233/234 3000 v | [E-90, Hed, Eu-182
XN 19.7'=21.7 fulase. Pu-258/ 1.2 3300 20_1 Co-60, U, Eu- 15+, 20
b:2 9, FE080MB Sr-36, C-14 1500 -137, Bu—155.
.0 K—40, Co—60 1800 L Fu 239 /240
.o Ca—137, Eu—152
:'o' o Eu—154, Eu=155 3000
bo© Ra-226, Th~228 3500
e —— 4000 -
069 2000
Foond ' 1800 25 | &%, Bt
24.5-35.7 24.5'-26.5 3 — . Eu-1d4,
| Grovelty SAND  #BOBOMS g [—— 1606 Go- 137, Euniss
* U-238, U-238 1500
4 C=14, K=ad 2000
- Co—137, Eu—-152
Ro-226, Th-228
. ™-232
— 2000
‘e ' '
. | ~ L 30 B 30—
L 30.0-32.0 &8 s 2300 Com137, Bum155,
o #BOSONO “Hu-238, c-14 1800
. K40, C3=137 1600
o Eu=152. Ro~226 1800
. | m—228. ™-232 1800
- : -
e ‘ ) 2200
Total Depth = 35.7 Feet :
40 40 ___

LFl Dota — Anulyhcn::l tab results for ofl inorganic constituents dlreotsr than 95% upper thresholg
limits ond all detected organic compounds ond radionuclides are shown.

Field Screening = Action levels for volatée organic compounds (VOC) was 5 ppm above background

and' gross gamma {7} radiatron was twice bockground.

Suryeyed elevation to top of brass disc 411.37 feet {(NGVD-29).

1976 Rodiochemical Dota — All detected rodionuclides ot the corresponding deptrin intzrvals ore shown.
|

Field screening volues greoter than non~detect or background dre recorded in this fiqure.
All sompies were field screened.

Borshole Spectral /Gamma Log =~ Bors indigte intervol of borehole where radionuclide wos detected.

ANt AN LT T D ke

Draft A
Figure 3-9 Summary Diagrai
of the 116-F-2 LFI Borehole Dat
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Sampling Resuits for 116-F-3 Test Pit

Sarnple Field Screening:
Location LFi Data 3-93
- - A =
3--93 3-93 0\%@ Q,\S?.D A
[Tonene
0.0'-1.0" #808G82 —irnen
Pyrare I

Banzéiaieniivaoens
Cor

YR
Banzoibltor snthene
Bs. Pb 8 U-233/234

K.40, Co.80. C8-137
Eu-152, Eu-184
As-376. Th.228
[T0.232

Iy

7.0 #E08GE3

12.0° #A308G84

n

17.0' #808G85

Waste Site
0 __
116=F=3 Fuel Storage
Tranch
100 Ft.x 20 Ft.x 8 Ft.
Received reactor effluent|’
during fuel cladding
fadure. in 1951, the
site glso received Budge
from the F—Reacter
Fuel Storage Bosin,
1947-1951 fingetive
10 __
Totol Depth = 17.0 ‘Feet
20 |
I
30
40 '

Notes:

Total Depth = 17.0 Feet

2 hex Cr tests
< 10 ppm Cr*6 |

A -Mgthyl-1-Pentenone
Di-p-butyiphthate

Toxzgphons
Arockor-1284, Cr, P0
Hg. Zn

a

U-233/234, 1-236
U-238. Pu-239/240
A 241, K-40. Co=30)
Ca. 997, Eu-1852.
Eu154, Ra-228,
[Tn228

| [Reetone
Dle bt yiphthadnie
=3

U-233/204, 12238
Py-239/240. K-40
Ew-162. Re-226,
Th-228, Th-232
._.

Aggtons

1 onsane
Din-Dutylphihaiste
bisl2-Ethianyliphtasiate
o

%

Ue2337204, Y233
K40, Ew-152 Ra-706
{Th-228. The232

U238, Pu-239/ 740, Pu-238

th
bie{2-Etiyhe xylipmbgibl o

0.0

.0

'{500
1500

450
75-1C0

75

LFT Dota ~ Anolyticol lob resutts for ol inorganic constituents greater than 95% upper threshold
limits ond ail detected organic compounds and radionuclides cre sitown.

Field Screening — Action levels for volgtie organic compounds (YOC) wes % ppm and gross gomma Field screening values greater tham non—detect or background ore recorded in this figure.
All samples were field screened.

(7) rodiation wos twice background.

Dorign & Richards
(1978)

18" +s-%

Se~90. H-3, Eu—132
Co—60. Eu-135

10

20

30

40 __

1976 Radiochemical Dotc = All detected rodionuclides gt the corresponding depth intervals ore shown.

DOE/RL-93-82
Draft A

Figure 3-10 Summary Diagi
of the 116-F-3 LFI Test Pit Dat:

116F14
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Sampling Results for 116-F-4 Borehole

Sampile Field Screening
Waste Site Geclogic Log Location LF! Data 3953 Spectral Gamma Dorian & Richards
3-§3 3-93 3-93 DoAR (pCi/g) (1€76)
0 ; 0‘?‘\;‘2 ¥ g
i - 8 [Weth Chiorig | 1s0c Cs-137
r6—f_a crib v e{00-00 0.0'-20° __;:gu:n‘:. ‘ . I
A . ~Burt : -1
10 7t x 10 Ft x 10 F. o« o) Sendy GRAVEL - gmoscr2 ioivane, Ba e
o : 15.0
‘ a® : U=233/234 )
Received cooling water A U223 Pu-238/ 200 | 4000
froem process tubies ° qoc {|5-=50, K-40 -
jcontoining reptured %% 1|Ca—137, Ro~225 57_ | [Fum239/240, S-9d
fuel slemants 50 o 50270 [Th—228. Th—232 Eu-152 ) ’
N + O S —
1956-1952 /Ingct jve %o d #BOBOPS —L 8000
s Héa, o,
o U-233/234 5000 Eu—154 | [Pu-238. Pu-239/240
A A2 i 20000| 50600 & oo u-i fumrz2
o4 —-238, Pu~239/ Eu—154, Ca=134, Cam137
‘ Ml g p—16.0" 240, Am-241 32%?] 2.0 Eu-158, U
10 | o . |Cravely SAND  8.4'-114 %799, k040, Co-t0 000, | 60000 1200
‘ #B080P4 Eu—156, Ro-226 . 42283
! ‘ b~ [Th—220, Th-232 150000
‘ . — 50000
' [ Totoene @, 8 m g | [Pu—238, Pu~239/240
: bt 2o L L2 590, Eu-152 Co-50
Pu-21,3'9/240 500 Eu-154, Ca=137. Eu=155
o 13.4-15.8" Srea0, Kk-40 ~
! #B080PS Co—~60, Ca-137 730
bo* . Eu~152, Ro~126
00 16.0'~28.0 : 10000
= 9 ] Sendy GRAVEL [Muthyiene Chi
Methylene Chicrige
2% o - 4000
L3 d Di--n-butyliphthalgle
o0 bis{2-Ethytheayl Jphithalote
‘ e Yy Sl Pu=139/240, Sr=83
o . . LU= : . - . Sr=
20 ! b 0% 19.0°-208 U—238, Pu-238, Pu-239/ |- 1700 20 _Uellisz ¢
Y- #B080OPY 240, Am=241, Sr=90 ) i Eu-155
o< K40, Ca=137 1 ' -
b+ 2 : Eu—152, Eu—154, Eu—153 : 11700
b2, ' [m-232 1700
! %09 — 1700
o ® {{Di—n—outyiphtnalat
! %o bis(ri-s't‘hm:.y):n:mm
P © £, U-233/234
ad U—-238, Pu-239
%% Pu-gcod A%-Tz«n :
b 25.0-26.9 K—40, Cs= ' 1500
[0 @ Eu~—15%5, Ra-226 )
AT #808003 Th-228 I
=LY ! —
Lo * | 1=
] 4 Di=n alat
Total Depih = 28.0 Feet Ty
: U=238, K—40
30 : Eu—158. Ra-226 ;
[Th-228. ™-222 g
: !
40
- Notes: |
LF1 Date — Anotyticat lob resulis for abl 'inortjoniclf constituents greater thon 95% upper threshold 1976 Rodiochericol Dato — Ali detected rodionuclides at the corresponding depth intervals are
limits and all detected organic compounds aond radionuclides qre shown. shown. '
Fietd Screaming -~ Action levets for volatile on"gan‘ic compounds (VOC) wos & ppm atrove bockground Field screening values greater thon nan-detect or bockground ore recorded in this ficure.
and gross gomma () radiation wos twice background. ) All somples were field sereensd.

Surveyed elevation to top of bross disc :411.11:31 foet {NGVD-29).

0]

20 .

(A
]

40

Borehole Spectral/Gamrna Loy — Bors indiate interval of borehole where radionuctide was detected.

116F 4

DOE/RL-93-82
Draft A

Figure 3-11 Summary Diagr:
of the 116-i-F-4 LFI Borehole Da:
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Sampling Results for 116-F-6 Borehole

Spectral Gamme

(pCi/g)

Dorion & Richards
(1978)

Sample Field Screening
Waste Site Geologic Log Location LFl Data 3—-93
3-93 3-93 3-83 B )
- o v 4
° . . . [y Crvion 50 1700
116~F-6 Liguid waste o ?‘J 0.6-26.0 0.0-2.0 - A;;:"?‘ “
Disposal tremch O°° Sendy GRAVEL #BOBGLS F'Igfl_l::;“wwmm"
300 Ft x 100 Ft x 10 Ft. =4 g.y—mrm
L] -
Received direct cooling 099 K-40. Co—gQ ' s¢  |[1700
water effluent during - 2) s;:lzéisr ﬁ::g.;
:?t?gfs maintenance =1 \h-232 }
- 4
o —
1852-1965/Inactive .?, . [Methytane Chiorice 6500
o0 6.5'-85 _lJTolueme 200C0
g #EI0BOMO flee. 2. 8 scoa
hood U—-233/234 6000
A U-238, Pu-238 21008
X , Pu=230/240 ; ggg
;oq 9.0°-11.0 K=43, Comb0 2000
L7s ® FHOBOM | Ca~137. Eu—t52
00 Eu=154, Ro-226 2000
0. s i Th—228
po @ 2500
.9 [Acat
2N (B 2400
- ol e
L go Di—a=butylphtnaicte
o ﬁ.:—m?sg/zst ,
k= | U= u-239,
°% 1 s.g- 17.0° 240, Am-26 1700
po 9 #3080M2 Co-60. Ce~137
it o G
a—226, Th=
°n 232 1670
AR L—-.
0.0 19.0~21.0° - ;ﬂg:ggv/';;?#nmw- o 1700
2,.0?3 #B0OBOM 3 g:g_“sr P:O-”g/ - 1650
m O O A
° K—40, C3~137
o°_c Eu-152, ,Eu|3r54 1700
o Ra-226, Th-228 1600
b.‘-'; A (—232 1500
Lo 4 e o 1500
) . L |l Acetons
noO e, | ' H;;tunc
- Toluene 1500
\ ,-'i...j B u~233/234
j Total Depth = 26.0 Feet | U~238, Pu=239/
240, Sr—-%0
\ K-40, Eu-152
Ro—226, Th=228 )
! : Th-232
. i —
| ‘l
!
I
|

Notes:

LFI Doto — Anaiytical lab resuits for all inorganic constituents gr-'!uteH than 95% upper threshold
limits ond off detected organic compounds and radionuclides are shown.

Field Scresning — Action levels for volatite organic compounds {VOC)
and for gross gamma (7} rodwtion was twice background.

Surveyed eievation to top of bross disc 413.09 feet (NGVD-29).
: |

Co—~60

[Cs—~137

ln-os 5 ppm above background

Ey=-132

+740 +18.G +169.

ot Sr~30, Eu-152, Co=-E0
O Eu—-154, Ca=134, Ca=137
Eu—135

u—154, Cg=137

. Pu—~239/240, 5-30
7.5 _] H~3. Eu~152, {o-860
11
Ey-3155, U

Eu-152, Co—60, Eu—145
Ca~134, Ca~137, Ev=155

1 C"...ﬁ.-zse/zw. Sr-90. H-3

| .
E 1:r_—l Pu-239/240, Sr-%0
- Eu—152, Co~60, Eum154
[C3-137, Eu=155

- Pu—239/240. Sr-30
17.5 __-szsz. Co—60

Eu—154, C3—137
135

' Pu—239 /240, Sr-30
20 —qH-3, Ey152, CoubC
Eu=154, Ca—137
Eu~155, U, Cs—13a
Sr=30, Eu~152, Co=80,
L ——rFy=154, Ce~134_ C2~137,
u=-135%

25'__.LE—90. Eu=152, Cs=60

Eu—154, C3-137, Eu—133

Eu~154, Cy=134, Jg=137
Ew-155

28" _| =90

27 _.._E_go, £u~152, ComB0

20 .

30

| a0

1976 Radiochemical Dete = Ali detected rodionuclides at the corresponding depth intervals are shown.

Field scrts;cninq values gregier than nen—detec! or backgrouna are recorded in this fiqure.

All samples were field screened.

Borehole Spec:troi/Gomrr:tu Log ~ Bors indiate intervol of Dorehole where rodionuclide wa$ detected.
1

116FE

DQOE/RL-93-82
Draft A

Figure 3-12 Summary Diag
of the 116-F-6 LFI Borehole I
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Figure 3-13 Summary Diagr:
Sampling Results for 116-F-9C Borehole ¢
of the 116-F-9C LFI Borehole D:
Sample Field Screening
Waste Site Geologic Log Location LFi Datc 3-93 Spectral Garmmao Dorian & Richards
3-93 3-93 3-93 pOAS & (pCi/q) (1976)
0 S W A J 0
R slao-g0 0.0-2.0' l ; |
116-F- i [ 0—8. .0°—-2. A~ |
' & F 9C Animot waste aod Sandy GRAVEL FBOBONS Totwane . g‘; gg }g%
ecching trench o’ 8, u-233/234 } X 15
400 FU bong with 100 Ft] L oo U238, C14 } 0.3 50 00
branch: 10 FL. deep: * 2 g 2.5=4.5 5-40. Ro226 | 0.1 | 100 [1700
15 Fr. wide LR FE080NS e o232 ! o1 | 75 |1400
L L
0@ |
Received wastewater 7 e o = . !
from animol pens %oc Methylane Chioride
: o fomone 50 1900
1963-1976 /inactive b oo Ao Crordone 100 [ 2000
L . . gamma=-{Mordane
S Sity sondy CRAVEL I e
- san - -
e s o2 coia %0 0.7 | 100 |1800 .
«q : . R K=40, R s
10 So{ Sonay GRAVEL 8.0'-11.0 i Th—zza,°;hz-22632 0.4 | 100 1600 101 10
. Lo #5080NE - 0.4 | 100 [1700
e 0% _ 04| 75 |[1400
: . 2 i Methylane Chicride
-] Acstone
P o Tonsene 0.7 | 100 {1800 .
o0 UG otpha = Chicrdane !
1 ® Fgermnme=Chiordane H
o B. u-233/234 g': 17%0 f‘;gg D ear
> FI0BONT Ro-226. Th-22 100 11300 :
bo 9 16.5'-18.5' - 100 11300 -Eo.a
©09 FBOBONS 1 ~ Pl R D V7.0 Les-137, comso, £umis2
[ . HMsthyene Chicrige 0.4 ; 5 |1200
A A eatonn 04} 50 [1200
o . Totuene et
20 0.99 8. u-233/234 20 s coso. pum1s2 20
b* 3 E-on‘n?-—zszg . S-90. Pu~239/243
[~ 210 ~25.0 mozis ez 50 1600
Gravelly SAND S 1500 ~m oz | [C-137, Co8D. Eu-182
¢ — 7% 1600 2.5 _Leactse. fuiss. s—s0
p Methylene Chilorice Py=239/240
° 230'-25.0' ;“B':':‘;m
< e o
. . #B080PC B owepsnthatts 75 |1350 ne | .
[56-et 25.0'--26.8" 8. y-1238, S-80 | 06 | 7H 1300 -~ Ej::gz Cooh. Eu-182 !
5 * JSondy GRAVEL K-40. Ra~226 . 75 1300 '
00 [Mm-228, ™-237 | 7% [1300 ,
et i o
Total Depth = 26.8 Feet | ' = ' —}H€a=137, Co—60, Eu-152 '
| 04 | 75 [1500 Sr—50, Py—239/240 .
| |
| ' | '
30— ‘ ) 30 L coso s-w0 30— '
1
|
I
I
: I
|
!
| |
| .
!
| ‘
]
4 | 4
0 Notes: " X 0
LFt Data — Analytical lab results for all inorgonic constituents gregter than 95X upper thresho:: 1976 Rodiochiemicol Dota = All detected rodionuclides at the zorresponding depth intervals are shown.
limits and all detected organic compounds gnd radionuclides are shown. :
Field Screening — Action ievels for volgtiie organic compounds (VOC) was 5 ppm cbove backgraund  Field screeniniq volues greater thon non—detect or bockgrouns are recorded in this figure. i
ond gross gamma () radiction was twice background. All somples were field screened.
Surveyed elevation to tos of brass disc 411.98 :fu! (NGVD-29). ! Borenole Spectrol/Gommo Log — Bars indiote interval of borencie where radionuclide was detected.
I

116F9C

3F-13
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DOE/RL-93-82
Draft A

Sampling Results for 116-F-9D Test Pit Figure 3-14 Summary Diag
Sample Field Screening | of the 116-F-9D LFI Test Pit ]

Waste Site  Location * LFI Data 3-83 Dorian & Richards
- - A i 7
3-93 3-93 S v (1976)

[ Acelone
0.0'-1.0° fEOBGTE—f{[onene
:ﬂz-&m,m-nmnmu-

116~F-9C Animal waste
leqgching irench
400 Ft long with 100 FL|
.333 /734, U238
Re-721

branch; 10 Ft. deep; K-40, Rs-
5 Ft. wide . | Th-238. Th-232

Received wostewoter
from animgi pans.

1963~1976 /inactive

L 9.0=10.0° #BOBGTS —7qCe uane 0.0 150400 10

U-233.7234, L-238
Py-331/240. Sr-90
K-40. Co-80, Cs-137
Ew-152, Ma.228
LTh-220. The232

15.0' fBOSGED = oe s 15 50, Pu-239/240

D m%mtmu .
bis(2 mﬂy‘hmmu 5.
gaawna.Cluordane 17. —Cs-137. (o680, Eu—152

Totol Depth = 20.0 Feet i :.o“ l [-‘,33 zlo o' #B0BG 'gggafi’iah?'r&gzs , 20
20 ___ oo - The22#. Th-332. Ce-137 0.0 s 20 15137, cos0. Eu-152 —
Total Depth = 20.0 Feet - Sr—90, Pu=239/240

[ o To-137. Co—60, Eu-152
] A atTpl-2-panienons 22.5_4{siz134] gu-188, S—50
Tokane Pu-238/240
Di-pebutytohthaiate
biel2-E Mynaxyllonthalate
o,
gamma N
5 25 _lma-137. coms0, Bum152

U-233/234, U-238 Eu-154, S—90 .
$¢-90.. K-40, Co-60 '
Eu-182. Re-226 !
Th-228, Th232 .
Ce.13 27 {5137, Co-60. Eu-152
- $—20, Pu-239,/240

30 : 30| coe0 s-%0 30

40 ___ : : 40 __

Notes: .
LF1 Doto — Andlytical lab results for all inorgonic constituents greater thon 953 upper threshoid 1976 Rodiochemical Data — All deteicted radionuclides ot the comesponding depth intervals are shown,
lirmits gnd ot detected orgonic compounds ond rodionuclides are shown. . '

Field Screening — Action levets for wvolatile orgonic compounds (VOC) was 5 ppm ond gross gomma Field screening voiues grester thon hon—detect or backgreund are recorded in this fiqure.
() rodiation was twice bockground. ’ All sompies were field screened. ‘ \

1&F14 I

\
3F-14
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Al

5

5

55

10 .

20

36 .

40

Waste 3Site

116~F—14 Retention
Basn
450 FLx 230 Ftx 24 F:

Used %o retain cowling
water zffluent froem F
reactor to allow rodioactive
ond thermat cooling, |
Also recieved woter from|
reactor building drains,

1945~1965/ingetive

Notes:

Sampling Results for

Geotogic Log
3-93

116-F-14 Borehole

Sample | Field Screening
Location Datc 3-983
3-93 3— S D
33 S V@ A
0.0'-3.0° Chem Q.00=2.0° _||eimine Oonde 199 | 3000
Sardy GRAVEL #EOSGO4 Toluena 75 | 25G0
Ul=n=butyiphtaalals 200 2560
brﬁz-!ﬂnyﬂ;u:j)pﬂ{hldmn
3.0°-50 . . u-238/234 15000
COMCRETE Chem 2.5°~5.0° __ ||u-238; x-40 ! ggg 2000
#BOSCAS Bu=rS2 Eu-i5a Fu-155 500 |25000
+ 5.0-23.0" The232 0.6 | 200 160Q0
Sondy GRAVEL Cher 50'-7.0' - 4000
#8080Q5 Ul detngiane Grionie ?gf.- 4000
oy 150 | 6500
wi—n-ﬁulmwau 100 [ 4500
Bis{ 2—E thyhesy Jphihaiate
1, B U-233/734 400 11000
gr‘}ggﬂ Yiras 50 | 4500
Am—241, Sr—9Q 1.7 28 2200
Chemn 10.5™-:3.0' C-14, Co-€0, Ca—!137 50 {2000
#B0807 T Eu—152, Eu=154 0.9 50 2300
} EL—155, 0.9 | 100 |25C0
. . 75 | 2800
Phys ’3'88;4' 55 1 U, u.thyuuéc Crloride 0.7 | 50 {2790
208734 Acatone 0.7 | 50 {2700
! Toiuene 80 | 270
D;'(-;‘:;:’t‘)‘m‘hﬁ;’:"d i |
bis(2-Ethynexgonthaiote 1.4 1 10 {230
, . G o Gu 14 | 10 |z200
16.6'=18.6 B. u-233/254 16 | 10 [2060
Chem #B0B00B L £6 | 10 |2060
Phys #308735 An—-Z49, Se=90 .
: C--14, Comb0, Cam137 125 {3000
Eu152 Eu-154 25 2200
Er—ISS!
Ph 20.3'=22.9" [ “—HMythylene Chieride 25 2200
¥ ﬁ0573$ -‘-:cnmc 25 25’00
Tokunmve 25 2500
Dimr=butyiphthaate | ‘l:‘; ZGOb
. . : bl::(!—E‘thym:ylmudah - :
;“‘-@ 23.0'-266 ‘ 1.1 25 210
Graveily SAND 23.0'-24.5 .3- U~233/234 1.3 25 12500
° Chem £308009 77 [ ||9-238, 1Pu-z3e 1.4 | 50 [2700
Phys #808737 K40, Ca 11 L4 1 100 (2800
. Rq-236, 228 :
[Th-23%, 100 1309
tmd - 7 1400
Total Depth = 26.6 Feat 'm"‘*".' Chiorige 3 1
\ Acstone
) Taiusne
Dika=buityiphthalale
! g-'ilw(z-cm,im.,;)gm::lam.
&, B,u-233/234
U238, 'u-238
K= 40, Ca=137
Ro~226. Th-228 '
[h-232 I
T‘ " I
Chioraformn H !
‘ 2-Butonone i |
! 1 -l-—hl-th)-l-z-pmtchme
Teluene
Digthyiphtholate '
i< n=butpphthaiate |
big(2=E thyhvaxy Jph thaiate
B, u-233/234 )
U~238, Py-230/245 '
Ko-40. Ch-137 i
Ra-225,! Th-228 |
m»-—z:z | !

|

LF1 Data = Analytical iob resuits for oll inorganwc constituents greater than 95% upper threshoia

firnits and ail deh‘ctcc organic

cempounds’ anis radionuciides are shmm

Field .:creomng —'.¢lchon ievels for voigtife urganic compounds (YOC) wos S ppm ‘above backgraund
and glross qamma (7) rodigtion 'was twice beckground.

Surveyed elevation to top of brass disc 403.78 fest (NGVD-29)

Spectral Gamma
(pCi/q)

Co—8C Eu—152 £u-154
r —~

|
|

Ca—137
-~ TH.Q +730 +92.0
5.0
-
L

Corian & Pichards
(1978)

107

207

Sr=90Q, Eu-132, Co~60,
Eu—154, Cs~134 C5-137,
Eu—15%

Fu—~238, Pu—238/240
Se=90, M=3, Ly—'3Z.
Co~60, Eu—154, (1-134

C3—137, Euy=155. J. Ni—83

Pu—238/240, $r=%0. H-3
Eu~152, Co=B60, Eu—154
C3~137. Eu=-135. ¥

Sr—84.
Eu—152. Co-60. Eu—154
Cs~137

Sr- 90,
Eu—152, Co—60, Eu-134
3—134, Cx—137

1976 Radiochemical [iato - Al detected radioriuclides at 5 f. depth intervals ore
shown. See Appendix ‘B for o complete reporting,

Fiald screening vaiues greater than non-—detect or background are recorded in thig figure.

All somples were fieid screened.

20

30

40 .

Borehole Spectral/Gamma Leg — Bors indiote intervol of borehole where rodionuclide ‘o3 detected.

116F 14

LA L7232 0L
Draft A
Figure 3-15 Summary Diagr

of the 116-F-14 LFI Borehole L
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DOE/RL-93-82
Draft A

Table 3-2 Analytical Results for the 116-F-1B Test Pit (page 2 of 2)

Sample Number BOSGES 7 6% CRGL/CRDL
N —— - . UTL (bl
Dapth intetval Th [N 10k 16 R
Radionuciides (oont'd) eCirg pClyg pClig pCifg eCifg pCi/g
Radium-226 0.49 0.51 0.457 0.38 NA NR
Thorium-228 0.97¢ 0.7¢° 0.76¢ 0.69¢ NA NR
Thorium-232 0.69* 0.7¢* 0.58° 0.5¢* NA NR
Uranium-233/234 G.51 0.39 0.35 0.41 NR NR
Uranium-238 0.44 0.50 0.5% 0.43 NR NR
Anions ma/kg mg/kg ma/kg marky mg/kg mg/kg
Fluoride 0.3 0.8 0.7 0.7 12 NR
NQ,. NO, 4.45 ND ND ND 198 (c) NR
pH (a) 9.3 8.6 8.9 9.0 NA NA
Sulfate 4 71 a5 18 1,320 NR
a = Reported as standard units.
b = 95% confidence limit of the 95th percentiie of the cata aistribution.
C = Value reported is for Nitrate only.
J = Estimated value.
NA = Notanalyzed.
NO = Not detected.

NR = Notreported.

3T-2b
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Table 3-2 Analytical Results for the 116-F-1B Test Pit (page 1 of 2)

Sampls Numbaer B08GEE BOgGSe BOSGSET pOagGss 6% CRAOL/CRDL
UTL b}
Dapth Intervel 1R Ef 10oh 16 ft
inorganice mg/kg mg/kg mag/kg mg/kg mg/kg ma/kg
Aluminum 6,120 5,800 6,060 6,190 15,600 200
" Arsenic 28 20 2.8 2.7 8.92 10
Barium 77.9 49.6 59.2 56.9 171 200
Beryilium 0.24 0.25 0.23 0.25 177 -]
Calcium 4,130 5,180 5,210 4,430 23,920 5.000
Chromium 14.7 9.8 12.1 10.2 7.9 10
Coban 5.6 3.9 6.4 7.1 18.6 30
Copper 14.4 16.0 16.4 18.5 28.2 25
iron 13.600 12,800 13,200 14,000 39,160 100
Lead 131 5.8 a.1 3.0 14.75 3
Magnesium 3,990 3,810 4,020 4,060 8,760 5,000
Manganese 236 200 305 294 612 15 .
Mercury 0.18 ¢35 Q.56 0.26 1.25 0.2
Nickel 9.1 9.5 1.7 10.2 253 40
Potassivm 1,530 581 736 760 3,120 5.000
Silver ND Qon ND 0.98 2.7 10
Sodlum 136 152 143 7 148 1,290 8,000
Vanadium 2.4 34 296 329 111 50
Tnc 3.0 38.3 43.5 321 79 20
Volatle Organics wging #3/g /Mg #0/%g va/kg /g
2-Hexanone ND ND ND 2’ NA 10
4-Methy-2-pentancne ND ND ND 1 NR 10
Acetane Ak 6+ NO 13 NR 10
Methylene Chioride i ND 2 ND ND NA 10
Toluene a2 | g+ 33 13 - NA 10 )
Swmi Volatile Organice wI/Mg kg ¥/ uQng #a/kg #9/Kg
“pis{Z-Cihyinexyl)phinaiaie T 48° 40° 54 ND NR 330
Di~n-butylphthalate - 55-‘ 52-‘ 52/ - 41-‘ NI;I 330-
Pesticides/PCB /Mg +gfeg wa/kg »/kg #a/kg wg/kg
ND ND ND ND NR ND
Radionuclides nCi/g pCi/g nCifg oCifg eCitg pCifg
gross aipha 12 7 4.7 7 NR NR
gross bata - - R T --36 - .18 - 18 NA NR
Potasstum-40 14 13 14 13 NR NR
Cesium-137 0,19 0.1 o.car ND NR NR




DOE/RL-93-82
Draft A

Table 3-1 Analytical Results for the 116-F-1A Borehole (page 2 of 2)

Sample Number BOSON1 BOBON2 BORONT BOSONS % CRaL/
UTL (sl CRODL
Depth Interval 0-2 ft 2611 1t 146182 1 18.20
==

Radionuckdes {cont'd} pCl/g BCi/g pCl/g pCi/g gCi/g pCifg
Uranium-233/234 0.53 0.34 0.94 0.43 NA NA
Uranium-238 Q.77 0.39 0.83 0.41 NR NR
Plutonium-239/240 0.016¢ ND ND ND NR NR
Aniona mo/kg ma/ig ma/kg mag/g ma/kg mya/kg
Fluoride 0.8 0.8 [oX:] 0.4 12 NA
NGO, NO, 5.97 ND ND ND 199 (b} NRA
Sultate 9 11 12 12 1.320 NR
a = 959 contidence limit of the 35th percentile of the data distribution.
b = Value reported is for Nrtrate only.
J « Estimated value.
ND = Not detected.
NA = Notanalyzed.
NR = Notreported.

3T-1b
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Table 3-1 Analytical Results for the 116-F-1A Borehole (page 1 of 2)

Sample Number BOSON1 BOBON2 BOBON3 BOBON4 6% CRAOL
UTL (m} CRDL
Depth intervel o2h 8611 H 14.6-18.2 1 18.20 f

Inorgenics mg/kg ma/kg mg/kg mg/kg maskg mg/kg
Aluminum 7.500 4,760 4,420 4,580 15,600 200
Arsenic 44 1.1 1.1 1.3 8.92 10
: Barium 728 44.8 60.2 45.8 171 200
Beryllum 0.29 0.25 0,22 0.21 177 5

Caicium 3,430 3,490 4,870 2,870 23,920 5,000
Chromium 19.1 9.6 8.1 7.7 27.9 10
| cobait 8.1 8.2 7.6 6.6 19.6 50
o 1 Copper - 135 - 5.7 -t 13.9 12.8 8.2 23
iron 16,100 14,600 13,700 12,100 39,160 100
Lead 207 2.4 1.8 2.2 14.75 3

Magnesium 3,900 3,320 3.290 3,440 8,760 5.000
Manganese 278 235 201 204 612 15
Mercury 0.08 ND NG ND 1,25 0.2
Nickel 10.9 7.6 a8 a3 25.3 40

Potassium 1,860 744 788 581 3120 5,000

Sodium 125 292 311 238 1,290 5.000
Vanadium 333 408 37.3 29.2 11 50
Zinc 44.7 2.7 28.2 3.3 79 20

Voistila Organics wG/kg w3/kg wg/Kg w3/%g »a/"g »g/kg
Acetone ND ND ND | Nﬁ LY
Methylene Chioride 3! ND 3 NO NR 10
Toluene 5* 3 Rk 36 NR 10

Semi Voistle Organics warhg wgrkg ug/kg waikg wag #a/kg
bis{2-Ethyinexyl)phthalate 360¢ NO ND NA NR 330
Di-n-butyiphthaiate 120¢ 130 1504 NA NAR 330

Pewticldaw/PCB w»a/kg »Q/kg ;agfkg waiRg wg/kg #9/kg
ND ND ND NA NR ND

Radionucides pCifg ali/g pCi/g eCi/g pCi/g pCi/g
= e gross sipha 3.5 - ND ND ND NR NR
gross bete 21 14 11 15 NR NR
Carbon-14 190 220 140 160 NR NR
Potassium-40 12 i A Al NR NR
Cesium-137 0.058 NO ND ND NA NR
Europium-152 023 ND ND ND NR NR
Aadium-226 0.4 .43 J.41 0.29 NR NR
Thorum-228 0.6 2.44 2.51 0.45 NR NR
Thorium-232 0.63 2.42 J4.53 0.35 NR NR

—

3T-1a




BE-LE

' B08QT0

KORGI4

- Sampia Numbar BOSGSS »OSa7Y 108672 B8GT3 8080176 s08G78 so8a77 "% cROU
. UL ) CRDL
Déjpth Intervel Fiald Bank Surface Spht Duplicate St 10 sh W00 Trip Bunk
.}m,.m-. mg/kg mg/kg mg/kg’ mg/kg mg/kg mglk'g mgkg mgkg ma/kg mgkg mg/kg
Aluminum 49.4 6,610 4,560 6,170 4,450 4,700 5.040 4,550 NA 15,600 200
Arsenic ND 3 24 2.8 1.6 1.2 2.1 7 NA 8.92 10
Barium 0.45 70.3 546 65 42 26.3 48,1 33.2 NA 171 200
uéeryﬂium ND 0.25 ND 0.22 0.12 0.15 0.14 0.23 NA 177 5
Cadmium ND 065 ND 0.58 ND NO ND ND NA 0.66 (c) 5
Calcium ND 3,030 2.400 2,760 2,470 2,580 2720 3,160 NA 23,920 5,000
Chioriumn ND 233 18,9 22.3 7.3 a‘?: 9.5 616 NA 279 10
;tﬁ?oban ND é6 6.2 7.3 6.2 6.2 65 5.3 NA 15.6 50
;gfnpper 1.3 214 166 20.2 133 13.9 132 17.4 NA 20.2 25
:ijron 195 16,300 10,500 14,500 11,500 11,600 11,700 10,600 NA 39,160 100
;l;_ead 0.30 15 58 13.8 3s 25’ 4 a2 NA 14.75 3
;Magmsmm 9 4,330 3140 3,660 3,340 3,5?ﬁ 3.860 3.380 NA 8,760 5.000
jf}\-‘langanest 0.82 273 178 213 213 199° 204 203 NA 612 5
;r:\.lercury 0.08 0.57 ND 0.69 0.06 0.09 0.14 019 NA 1.25 02
Nickel ND 13 1w 10.5 8.5 0.6 1.5 5.8 NA 25.3 40
f’otassnum ND g72 750 828 453 443 518 529 NA 3,120 3,000
Shver D 1.3 ND 1 ND 0.91 , 073 ND NA 27 10
Sotlum 17 130 88.9 117 16 140 148 118 NA 1,280 5,000
wanadium ND 39 7 325 281 284 275 232 NA 11 50
Zinc ND 142 132 ¢ 133 24.9 254 7 23.3 NA 79 20
Wolstie Organics #3/kg »a/kg #akg sa/g 3% #a/kg ] #OfkG valkg pOikg #/kg
2-Butancne ND ND N &’ ND ND ND ND ND NR 10
2-Hexanone ND ND ND ER ND ND ND ND ND NR 10
4-Methyl-2-pentanone ND ND ND 2 ND ND ND‘ NG i NR 10
Acetone a8’ ND 15 9! Il 9- I 9 Fad NR 10
Methylene chioride ND ND 12 ND ND ND ND ND ND NR 10
Tetrachloroethene ND ND 1 ND ND ND ND (L8] ND NR 0
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Swumpla Numbaer

BOBGES

aoRQ70

BO8G71

6%

BO8QY2 BOBA72 BOGGT74 sosars BOUGTS s08Q77 CROL/
UTL (b} CRODL
Depth Interval Flaid Bank Sutfece Split Duplicats Bk 10h 16 20k Trp Bank

Volatie Orgenics (conc'd varhg wafkg warhg paikg pamg w3k #a/kg pa/kg vakg waig kg
Toluens 3 Iy 2 57 ND 2 2 2 ND NR 10
Trihlororthens N ND 1 ND ND ND ND ND ND NA 10

Serni Volatile Organics #G/kg 4g/kg #a/kg vafkg #G/kg wakg #g/%g #/kg va/g #G/kg wa/hg
G)SJ(E'ElhyII'n.’xylJphlh;ﬂuh; ND 36 470 444 = iend 53+ 7¥ NG NA NH ‘ 330
Dt-ﬁ-butylphlhdla!e 42° 52¢ 3 58° 69 58- 57 ar NA NR ‘ 330

Pes icidesPCE #afkg wa/kg [hellte v9/kg #a/hg HOMRG el #3/kg pO/hg #a/kg ‘ #O/kg
ND ND ND ND ND ND ND ND NA NR ND

Rochonuchdes pCig pCiig pCiy pLi/g eCug pCifg aCifg pCi/g pli/lg pCifg pCitg
grcss alphe ND g5 7y 14 ND ND ND 6.4 NA NR NR
HE s bl ND 17 " 16 i 13 17 19 NA NA nNA
Frdassmin . u.38 13 155 13 15 13 1 " NA NR NR
LU DntL . ND ND 013 ND ND ND ND ND NA NR NA
Cesum 157 ND ND 0.0404 G 088’ ND ND ND ND NA NR NR
Haduni 276 G076 0.65 ND) ) 0 36 0.39 0.32 0.46 NA NA NA
Thonum-22¢ G185 1 0.567 0 76 0 46 0.73 G 48 0.96* NA NA NR
Tngrum-23z 0.18~ 0.8 NOD Q.94 0.69" Q.58 0.52* Q.54 NA NR NR
Uranium-233/234 0.098° 0.40 ND 0.71 0.53 0.44 0.30 0.35 NA NR NR
Uranium-235 ND ND .0.0073 015 ND ND ND ND NA NR NR
Uranium- 238 0.063 0.36 0.24 0.73 048 0.44 0.31 0.41 NA NR NR

Anions mg/kg mg/kg mag/eg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg ma/kg mg/kg
Fluonde 0.4 0.8 a1 0.8 0.4 0.6 | 6.5 NA 12 NA
Nitrate ND ND 2.9 ND ND ND ND ND NA 199 NR
NG, NO, ND ND NG 4.12 ND ND ND ND NA 199 (¢) NR
pH (a) 7.4 8.2 ND 8.1 75 8.1 9 94 NA NR NR
Sultate 4 3 26 3 4 3 6 1 NA 1,320 NR

iqeL
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Swnple Number

so0ae

BOBGTO

s08a7

B08Q72

aca73

808QT74

BOBGTE

kO8G77

Dapth interval

Feld Bank

Surfece

Split

Duplicets

6k

10k

1B h

Trip Bank

6%
UTL ()

CRaGL/
CRDL,

Ie-LY

Aeparted as stangard units.
95% confidence ma af the 95th percentile of the data distribution
Value reported for Nitrate only

Estimated value
Not analyzed
Nat detected.
Not reported
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DOE/RL-93-82

Draft A
Table 3-4 Analytical Results for the 116-F-2 Borehole (page 1 of 2)
Sample Number BOBOMS BOSOMS BOBOMT 8080ME 8080MS BOBOND i 13 CRQL/
UTL (s) CRDL
Depth intervad | 0-2 ht 1012t | 1489868 Htt | 19726740 | 246286h 3032 ft
Inosganics mg/kg mg/kg ma/mg mg/kg mg/kg mg/kg mg/hg mg/kg
Aluminum 5,630 5,430 5,230 4,730 ,440 5,450 15,600 200
Arsenic 2.1 0.85 Q.76 ND 0.94 1.5 8.92 10
Barium , 51.7 79.1 48 338 67.4 47.9 171 200
Berylllum R _.0.28 . 031 n0.23_ 021 n.20 013 T 5
Cadmium ND 1.6 0.33 ND ND ND 0,66 () 5
Calcium 5,000 4,010 3,580 5.600 4,490 2,610 23,920 5,000
Chromium 11 98.1 0.5 14.4 18.3 20.5 278 10
Cobatt 7.4 9.3 73 7.5 8.5 8.5 19.6 50
Copper 13.5 22 116 13,2 12.5 129 28.2 25
ron 14,700 17,000 13,900 13,300 14,500 12,200 39,160 100
Lead 3.8° 12.9 3.6¢ 2.6 2.5 3.3 14.75 k|
Magnesium 3.830 3,770 3,980 3.620 4,150 3,960 8,760 5,000
Manganese .253 238 231 318 215 240 612 15
Mercury N 0.96 0.23 0.6 NQ ND 1.23 Q.2
Nicket 9.6 1.1 10.5 8 11.4 9.8 253 40
Potassium 970 7Tt 636 604 668 528 3.120 5,000
Sodium 157 248 238 241 296 126 1,290 5.000
vanadium 34 40.4 33.2 32.5 39.5 29.2 111 50
anc 341 295 $4.6 33.5 32.1 28,7 79 20 ‘
Voletie Organics ug/wg HG/KG /g wg/kg #9/kg GG #g/%g . w3Mhg
Methylene Chionde ND ND ND ND ND 2 NR 10
Toluene ND ND ND ND ND a* NR 0
Sami Volatie Organice »9/%g wg/kg v3/kg “g/kg w3/kg wg/kg #ging wafkg
Benzo(bjfluoranthene ND a3 ND ND NO ND NA 330
Chrysene ND 48- ND ND ND NO NR 330
Dn-butylphthalate NG ND ND NC ND 7 NR 330
——
Peaticides/PCE w3/kg ug/kg #a/hg ug/kg ~#O/KG ug/hg wa/kg wgikg
ND ND ND ND ND ND NR ND
Redionuclides pClig pClig aCl/g pCisg pCi/g pCi/g plifg pCi/g
gross aipha ND 11 ND 1Q N 4.67 NR NA
gross beta 16 350 140 85 18 16 NR NR
Carban-14 52 230 240 230 230 230 NR NA
Potassium-40 13 ND 21 16 10 9.5 NR NR
Cobalt-58 NA NA 057 NA NA NA NA NR
Cobait-60 0.041+ 124 5.8 3.5¢ ND ND NR NAR
Strontium-90 ND 7.6 3.2 1.3 ND ND NR NR
Cesium-137 _ a8 235 -3 2z 28 0.66 MH NR '
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Table 3-4 Analytical Results for the 116-F-2 Borehole (page 2 of 2}

Sampls Nunbu IOIOM;Q IOCDMCV Boaom7 7 nosuMﬁ BOBOMS fSo080NO 26% CROL;
UTL (s CRDL
Depth Intervel 02t 012 R 14808t Rt 19.7-28.7 1t 245286 30321t

Radionuciides (oont’d} aCirg pClig pClig aCi/g pCi/g pCifg pCi/g pCifg
Ewropium-152 5.3 530 1807 w 0.21" 07 NR NA
Europium-154 0.27 3680 17 a7 ND ND NR NR
Europlum-15% NA NA 0.65 0.41 NA NA NA NR
Iridium-192 ’ NA 0.58 NA " Na NA T NA " NA "NR
Hadlum-zgﬁ 0.52 ND 0.33 0.58 0.39 0.30 NR NA
Therium-228 0.99 ND 0.65 1 0.33 0.59 NR NR
Thorlum-232 0.56 NO ND NO 0.45 0.51 NAR NR
Uranium-233/234 Q.35 0.47 0.37 0,44 0.50 0.35 NR NA
Uranium-235 ND 0,13 ND NC 0.37 ND NR NR
Uranium-238 0.43 0.59 0.58 0.37 0.60 0.47 NA NR
Plutonium-238 ND 0.068 0.022° ND NO ND NAR NA
Plutonium-239/240 ND 7 1.3 0.28 ND ND NR NR
Americium-241 ND - 057 0.25" 0.088 ND ND NA NR
Andone ma/kg my/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg
Fluoride - - 0.50 0.80 0.50 0.50 0.60 0.40 12 NR
NO,, NO, NO 6.16 381 ND 2.71 2.62 199 (c) NR
Sulfate 9 17 11 15 10 5 1,320 NA
a = 95% confidence limit ot the 95th percentile of the data distribution,
b _ = _Valug reported is imit ot aetertion
& = \Value reported is tor Nitrate onuy.
J = Estimated value.
A =  Value marked as rejected in vaugation regort.
ND = Not.detected.
N& &  Nof analvzeq,
NR = Notrepored.
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Table 3-5 Analogous Site Comparison for 116-F-2 (page 1 of 2)

DOE/RL-93-82

Draft A

MANRSUM CONCENTRATION 11852 11881 118.0R-1 118-DR-2 116H-1 6% UTL (dI CRQUCROL
=t
INONGANICS (s} mg/kg my/kg mg/kg mg/kg mg/Kg mg/kg ma/kg
Arsenic 378 8.92 10
Barium 338 171 200
Cadmium 1.8 - 1.10° 0.55(e) 5
Chromium 98.1 33 1864 - 29.6 279 10
Lead - - 187 14.75 3
Manganese 839 - 612 15
Sitver - 330" 370" 27 10
Jnc 285 128 109 79 20
—_
VOLATILE ORGANICS wg/kg /g #9/%g w3/kg #9/kg #a/kg w3/g
Acetone 22 - NAR 10
Methylene Chioride 2! 1 g bh! NR 10
Toluene 4 3 14 NR 10
—
SEW VOLATILE ORGANICS #3/%g w»Q/kg wgikg kg #aing Ha/wG ¥Q/vg
1,3-Dichiorcbenzene - 48° - NA 330
1.4-Dichlorobenzene - krad NR 330
2-Chiorophenol 47 NR ko]
2-Methyinaphthalene 42° NR 330
4-Chioro-3-methylphenci Jg NR 330
Acenaphthene - - 210 NR 3%
Anthracene 430° NA 330
Benzo{a}anthracene . 940 NR 330
Benzo(a)pyrene a10f NR 330
denzo(b)flucranthene a3’ 8904 NR 330
Benzo(ghi)peryiene 410° NR 330
Benzo(k)fiuoranthene 780’ NR 330
Benzoic acid 250* NA
Chiysens 48° 920° NAR 330
Dibenzoturan 1304 NR 230
Di-rbutylphthatate 71 35/ 68" NA 330
Fluoranthene 1800° NR 330
Fluorene 190 NR 330
Indeno(1.2, 3-cdipyrene 5200 NA k1]
Phenanthrene 1500 NR 330
Pyrene 1200° NR 330
RADIONUCLIDES (b} pCirg aCi/g rCi/g oCifg aCig pCi/g pCifg
£arbon-14 _240 . A 18 -]
Sodium-22 5.91¢ NR
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Table 3-5 Analogous Site Comparison for 116-F-2 {page 2 of 2)

MAXIMUM CONCENTRATION 118.8-2 11648-1 116-DR-1 t18-DR-2 118-H1 6% UTL (d) CROLACRDL
AADIONUCLIDES (b} (cont'd) pCifg pCi/g pCl/a pli/g wCitg pCi/g pCi/g
Potassium-40 1 - Pt 10 - NR
Cobalt-680 12 4.167 231 375 2.5 NR
Strontium-90 7.8 13.2% 104 .7 6.2 NR -
Cesium-137 35 43.85 147 233 32 NR .
Europium-152 5507 121.9 258° PEY 54 NA -
Euwropium-154 360 9.9 25.7 2.534 5.4 NA -
Thorium-228 1 - - - - NR -
Plutonium-239/240 3.7 3.6 (¢} - 144 - NR
a = Inorganic values were screened against Hanford Site background §5% UTL. Region X exciuded elements.
b - Qniy radionuciides greatar than 1 pCifa were reported,
c = Valuas for Plutonium 239 oniy.
d = 35% confidgence limit of the 95th percentile of the data distripution.
e = Value reported is limit of detection.
J - Value is estirmated, concentration less than contract required detection hmit.
A =  Yalue marked as rejected in valdation report.

-

Nat detected.
NR = Not reported.
Analogous site data taken from associate LRI reports, (DOE-RL 1993}, (DOE-RL 1883¢), (DOE-RL 19934).
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Table 3-6 Analytical Results for the 116-F-3 Test Pit (page 1 of 2)

Sample Numb 2 BO8GS3 808G84 BOSGBE 5% CROL/
UTL ib) CROL
Dageh Imerval Surfeoe Th 12t 171

Inorganics mg/kg mag/kg mg/kg mgrkg mg/kg mg/kg
Aluminum 7,740 7,250 4,500 4,620 1,560 200
Arsenic 1 3.1 2.3 1.8 B.92 10
Barium 378 79.6 5.7 523 m 200
Beryilium T 048 0.27 0.34 0.43 177 s
Calcium 11,500 6,180 5,070 5570 23,920 5,000
Chromium 5.5 74.4 a7 7.9 279 10
Cobalt 7.8 8.5 5.4 5.8 19.6 50
Copper 22.2 23.8 1.1 111 28.2 25
fron 12,200 18,500 10,500 10,700 38,160 100
Lead 18.2 43.9 2.8 2.8 14.75 3
Magnesium 4,590 4,010 3,830 A.530 8,760 5,000
Manga;iese 7 7 187 297 215 246 612 15
Mercury 0.12 1.5 N.D ND 1.25 0.2
Nickel 5.8 1.3 10 8.6 25.3 40
Potassium 979 1.290 587 568 3120 £.000
Sliver ND *.3 ND ND 2.7 10
Sodium oo - L - B T S A 1 M B Y SR L2 1,290 5.000
Vanadu:lm - - 30.2 - 36.3 - 27 - 25.3 - m 50
Zine 53.3 175 24.4 24.5 79 20
Voistle Organice #3/kg wa/kg #9/hg v3/Kg #9/%g #/"g
4-Methyi-2-pentancne ND 11 ND ND NR 10
Acetone ND -5 104 9 NR 10
Toluene 3l ND ND 7 NA 10
Semi Volaule Organics wg/kg waRg ¥G/kQ wa/hg #3/hg #3/kg
Benzo(a)anthracene _240¢ ND ND ND NR 330
Benzo(b)flucranthene 220° ND ND ND NR 330
his{2-Ethylhexyl}phthatate ND 43 ND 45 NR 330
Chrysene 280" ND ND ND NR 330
Di-n-butyipntnaiate ND 77 56+ m NA 330
Fiuoranthene 440 ND ND ND NR 330
Phenarthrene 270" ND ND ND NR 330
Pyrene a4 NG ND ND NR 330
Pesticides/PCB wQ/kg #9ikg 49/g 49/%a wG/Kg #3/kg
Araclor-1254 ND 180 ND ND NR 33
Toxaphene NO 180 ND ND NA 170
Rackonuclides eCirg pCifg pCifg __pCig PCi/g . R
gross alpha _ 6.7'(6.4) 7 7.9/ 7.4 NR
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Table 3-6 Analytical Results for the 116-F-3 Test Pit (page 2 of 2)

Sample Number BOSGR2 BOAGE3 BOSGR4e BORQEE 6% CROL
UTL b} CRDL
Depth intervel Surface 7Th 12f 17 R

Radionuciides {cont'd) pCi/g pClig pCl/g pCilg pCi/g pCifg
gross beta 13 7 22 22 NA NR
Potassium-40 7.9 23 15 13 NR NA
Coban-60 , , 0.0588 1.9 . ND ND NR NR
Cesium-137 0.524 2.64 ND ND NR NR
Europium-152 0.11 190 0.a2 0.28 NA NR
Europium-154 0.078¢ 9.8 ND ND NR NRA
Radium-226 . . 050 0,43 . 055 . Q.38 NR NA
Thorium-228 ' 0.65¢ 0.79° 0.92 0.68 NR NR
Thorlum-232 0.69° ND 0.63 0.56 NAR NR
Uranium-233/234 0.51 0.44 0.68 0.46 NR NAR
Uranium-235 ND 0.055* ND ND NR NA
Uranium-238 0.36 0.46 0.58 0.69 NR NR
Plutonium-238 -0.046" ND ND ND NR NH
Plutonium-239/230 0.012% 0.46 0.95° ND NR NR
Americium-241 ND 0.033 ND ND NR NR
Anione mg/eg mgrhg ' mgyxg mg/kg mg/kg mg/Kg
Fluoride 0.50 .70 Q.40 0.80 12 NR
NQ,, N, 1.2 11.5 ND ND 199 (c) NR
BH (@) ) 4.7 5.4 9.4 1.320 NR
Sulfate 11 26 12 32
a = Reported as standard un:{s.
b = 95% confidence smn ot the 95th percentiie of the cata distrioytion,
c = Value reported for Nitrate oniy.
J = Estimated value.
R = Value marked as rejected in valigation report.
NA = Not anatyzed.
ND = Mot detected.
NR = Notreported.
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Table 3-7 Analogous Site Comparison for 116-F-3 (page 1 of 2)

DOE/RL-93-82

Draft A

MAXIMUM CONCENTRA TION 118F-3 1188-2 118-0-1m 118-D-1b 95% UTL (¢} CROL/CRDL
INORGANICS (2} ma/kg markg mg/kg mg/Rg mg/g ma/kg
Barium 78 m 200
Cadmium 1 . 0.66 (d} -1
Chromium T4.4 108 30.4 279 0
Lead 49.9 - 51.9 22 14.79 3
Mercury +.8 - 1.25 0.2
Nickel 42.5 25.3 40
dnc 175 - 108 79 20
—— — — ]

VOLATILE ORGANICS /g »a/kg va/kg ug/kg vaig w»g/kg
4-Methyi-2-pentanone 114 1 NR 10
Acetone 10! 41’ NR 10

 Methylena Chicride i1 NR 10
Toluens 21 52 1! NP 10

=
SEV VOLATILE ORGANICS »aRg wa/kg wQ/kg #Gikg »amg kg
1.3-Dichiorobenzene ag! NR 330
Benzo{a)anthracene 2a0° NR 330
Benzo(b)tuoranthene 220° NR 330
bis({2-ethyihexyi)phthatate 43 380 NR 330
Carbazole 52¢ 544 NA 330
Chrysene 280 - 584 NA 330
Di-n-butyiphthalate T It kLN NR 330
Fluoranthene 440 NR 330
N-Nitroscdiphenylamine 110 NR 330
Phenanthrene 27y NR 330
Pyrene a40° 39 NR 330
PESTICIOES/PCR #3/kg waikg uafkg #g/kg »#a/kg #g/kg
Aldrin 7.5 NR 1.7
Arochlor-1254 180 NR 33
beta-B8HC 7.8 NR 1.7
Toxaphene 180 ~NR 1o

- MAMONUCLIDEE 1) aClig pCifg aCi/g pCifg pCilg pCi/g
Carbon-14 3.95¢ NR
Sodium-22 5.7 NR
Potassium-40 23 13.47 141 NR
Cobait-60 19 09 16.3¢ NR
Strontium-90 84.1 2 32 NR

" Cesium-137 26 9132 305 322/ NR

3T-7a
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Table 3-7 Analogous Site Comparison for 116-F-3 (page 2 of 2)

MAXRIUM CONCENTRATION 116F-3 1188-2 1180-1a 118-0-1b 6% UTL (¢) CRALCRDL
RADIONUCLIDES (b) {cont’d] pCi/g pCi/g pCi/g pCi/g pClig oCi/g
Europium-152 190 10.36 112 147 NR -
Eurcpium-154 9.8 - §2.5¢ 58.2¢ NA

Radium-226 - - 4z2.8° - NA

Plutonium-239 - 5.71" 8.3 5.y NR -
Americium-241 - - 1.4% 1.7 NR -

a Inorganic vatues were screened against Hantora Site background 95% UTL, Region X excluded elements.

b Only radionucliges greater than 1 pCl/g were reported.

C = 959% confidence limit of the 95th percentile of the data distribution.

d = Value reported 1s limit of detection.

J = Valus is estimatag, concantration less than contract required detection limit.

A = Value marked as rejected In validation report,

- Not detacted.
NR = Not reported.
Analogous site cata taken from associate LFi reports, {DOE-RL 1993b), (DOE-RL 1992¢). (DOE-RL 1982d).




DOE/RL-93-82

Draft A
-~ -—— =~~~ Table 3-8 - Analytical Resuits for the 116-F-4 Borehole (page 1 of 2)
Sampie Number [ BOBOPZ BogoP3 BOSOP4 HOEOPE B080PY sosoqs 2% croL/
UTL (a} cROL
Dopth Intervel 02t 67 ft 9.4-11.4 1 13.4-16.8 ft 19208 1t 25.268 1t
Iinorgenics mgMmg mg/kg ma/kg mg/kg ma/kg mg/kg mg/g mg/kg
Aluminum 7,390 7,320 4,640 5,000 5,310 4,070 15,600 200
{1 -Arsanic 23 18- 0.99° 1.1 1.2 1.2 8,92 10
Barium 190 208 53.3 49.6 48.6 456.9 m 200
Beryllum 0.27 0.32 0.19 0.2 ND o.21 177 S
Calclum 9,260 a.44o_ 4,870 5,150 5.830 5,260 23,920 5.000
" Chromium 10 105 96 9.4 12.9 146 279 10
Cobalt 7.3 8.5 8.8 8.1 6.2 a 19.6 0
Copper 15 18.3 14.1 12.2 1.7 13.4 8.2 25
lron 14,300 18,400 15,400 15,600 13,100 14,900 38,180 100
Lead Y 10.2 24 25 2.9 2.7 14.75 3
Magnesium 4,740 4,450 3,870 3,720 3.920 31,020 8,760 3.000
Manganese 255 N 249 249 247 236 27 812 15
Mercury ND 0.06 ND ND ND ND 1.25 0.2
Nickel 11,1 10.3 a.2 7.8 10.3 2.9 25.3 «
Potassium -~ " 1.080 554 g24 524 385 - 872~ 3% 5,000
Sliver .89 0.94 0.88 ND ND ND 27 10
Sodium 302 430 289 71 273 366 1.290 5,000
Vanagium - 333 403 3a.7 4.7 34.4 39 m 50
inc 376 39.3 346 34.8 36.1 28.6 79 20
Volatile Organics #/%g ug/kg #G/RG #9/kg " #Q/kg #Q/%g kg kg
2-Butancne 22 NR NG ND ND ND NR 10
Acetone 14 NA NG ND ha a8’ NA 10
Mémylene Chloncie ER NA NO 3¢ 3 44 NAR 10
Toluene a4 NR 13 4+ kN 1 NR 10
Semi Volatle Orgenics #g/Hg w3/kg wahg wa/kg wa/hg #9/kg »3/%g )
bis(2-Ethylhexyi)phthaiate 800 NA ND 140 96° ND NR 330
Di-n-butyiphthalate ND NA ND 1300 280" 130° NR 330
Di-n-octylpnthalate ND NA ND 170 ND ND NA 330
Pesticides/PCE ug/ng uG/Hg #a/ng wdfkg wQ/kg #G/%g #a/%g wg/g
N NA ND ND ND ND NR ND
Radiomuiides ptlig aCi/g PCifg pCirg pCi/g pCifg plifg pCifg
gross.alpha . - ND 14 ags - - MO - -ND ND NR NA
gross beta 20 440+ 4,500 1.400 14 12 NR NR
Potassium-40 8.2 104 1 12 7.5 1 NR NR
Cobait-60 ND 0.14 c.34 ND ND ND NR NR
Strontium-90 5.2 160 1.500 570 ND NO NR NR
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Table 3-8 Analytical Results for the 116-F-4 Borehole {page 2 of 2)

Sanpla Number ROBOP2 RCOP3 BOSOP4 BOSOPE BOSOPO R0s0Q3 W% CROL/
UTL (w} CROL
Depth Intervel -2 0 5.7 1t 94114 0 13.4-16.8 fr W-208 R 26-26.8 #t
Radionuclides (cont'd) pCi/g pCifg pCi/Q pCi/g pCi/g pCi/g aCifg pClig
Cesium=137 35 340 1,800 |20 0.72" ND NR NR
Europium-152 ND 3.1 16 8.6 ND ND NR NR
Europium-154 ND 0.3 NA 0.83° ND ND NA NR
Radium-226 0.5 Q.45 0.eg* NO 0,32 0.39 NA NR
Thorium-228 0.48+ 0.49¢ ND ND 0.4 0.38 NA NR
Therium-232 0.54¢ 0.58* 0.48- 1.4 ND 0.83 NAR NR
Uranium-233/234 0.7t 0.54 0.86 0.63 0.45 0.45 NR NA
Uranium-235 ND 0.035" 0.095% ND ND ND NR NR
Uranium-238 0.42 .49 1 0.74 0.45 0.48 NR NR
Plutonium-238 ND .15 ND 0.43 ND ) NR NR
Plutonium-239/240 0.15 12 1304 35 0.027 ND NR NR
Americium-241 0.043* 1.4 12 3.9 0.C33 ND NR NR
e

Anions ma/ig mg/kg ma/Ma mag/kg mg/kg ma/mg ma/kg mg/kg
Fluoride 0.5 NR 0.7 0.8 11 0.9 12 NR
NO,, NO, 32.3 NR NO ND ND ND 199 (b) NR
Suifate 66 NA 19 e 10 19 1,320 NR
a = 95% confidence imit of the 95th percentle of the data distribution.
b = Value reported is for Nitrate only.
J = Estimated vaive.
R = Valye marked as rejected i vardation report.
ND = Not detected.
NA = Notaneiyzed.
NR = Notreported.
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Table 3-9 Analytical Results for the 116-F-6 Borehole (page 1 of 2)

Sample Numbes 8080LY BOBOMA BOBOM1 BOBOMZ BOSOM3 96% UTL (b CRQL/CRDL
Depth Interval 02t 8536 R 11 h 1817 H 1921k
Inorgenics mg/kg mg/kg mg/kg ma/kg mg/kg mgrkg mg/kg
Aluminum 6.820 5,470 4,800 5,410 4,860 15,600 200
Arsenic 1.4 1.5 1.4 1.6 1.2 8.92 10
Barium 66.3 556 46.3 53.3 42.8 171 200
Beryllium 0.32 0.26 0.24 0.26 0.13 177 5
alcium-—— 3,830 3.540 3,350 4,740 5,160 23,920 5.000
Chromium 9.4 30.2 171 11.3 2.4 7.9 0
Cobaft 10.3 8.4 6.3 5.9 5.5 19.6 50
Copper 13.4 26,6 12.2 12.3 10.4 8.2 25
tron 20,860 17,260 12,800 13,000 10,400 39,160 100
Lead 35 7 25 2.7 25 14.75 3
Magnesium 4,350 4,010 3,480 3,910 3,530 8,760 5,000
Manganese 315 252 216 231 190 612 15
Mercury 0.23 0.19 ND ND ND 125 0.2
Nickel 10.4 12.1 16.5 8.9 8 25.3 40
Potassium 1,400 754 826 748 607 3,120 5,000
Siiver ND ND ND ND 0.9 2.7 10
Saodium 162 192 19 216 203 1,290 5,000
Vanadium 55.5 46.4 323 27 25.5 111 50
ane 41.2 106 N3 32.2 24.7 3 20
Volatie Orgunics #g/%g wg/mg #a/kg «a/Kg wa/kg wa/kQ w3/kg
Acetone 14 ND T NA 15 NR 10
Benzene ND ND ¥ NA 2 NR 10
Methylene chioride .y 2 ND NA ND NR 10
Toluens & T 12 NA i NR 10
Semi Voladle Organics #G/%g /%G wQg wafhg GG waikg ug/ng
bis(2-Ethyihexyl)phthaiate ND ND ND 72+ ND NR 330
| Dl_-n-m}tynnmname 110 ND 180+ ND ND NR 330
Pesticices/PCB wg/kg #g/hg ug/ng 4Q/hg #O/RG #3/%g ug)/ng
ND N ND ND ND NR ND
Radionuciides pCug pCi/g pCiig pCiig pCi/g pCl/g aCi/g
gross beta 4 350 33 24 22 NA NR
Potassium-40 a4 19 15 13 NR NR
Cobait-60 0.067¢ 3 24 NO NO NR NR
Strontium-90 NG 4.4 28 4.4 2.1 NR NR
Cesium-137 0.38 230 i) 0.18 ND NA NR
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Table 3-9 Analytical Resuits for the 116-F-6 Borehole (page 2 of 2)

] Sampie Number BOBOLE BOSOMO BOBOM + BOBOM2 BOBOMI 96% UTL (bl CROLCROL
Depth intervel 0-2fe 9686 h 11 H 1817 R 1923 R

Raclonuaiides {cont’d) . pCifg sCifg eCifg pCi/g pCifg pClig pCifg
Europlum-152 0.5 190¢ 18* 1.6¢ 0.42° NR NR
Europium-154 NA 18 2.1 0.14 ND NR NR
Radium-226 0.4 1 0.38 0.49 0.39 NR NR
Thorium-228 ) 039 0.47 063 077 0.49 NR NR
Thotum-232 0.44 ND 0.58 0.57 0.5 NR MR
Uranium-233/234 0.43 0.83 0.42 0.45 0.45 NA NR
Uranium-238 o 051 0.69 0.47 0.42 0.4 NAR NR
Plutonium-238 ND 0.069 ND ND ND NR NR
Plutonium-239/240 _ ND 2.5 0.36 0.096 0.088 NR NR
Americium-241 ND 0.72 0.096 ND ND NR NR
Aniors mg/kg mg/kg ma/kg mg/kg ma/kg mg/kg mg/kg
Fluorice ' T 05 © 06 .5 0.3 ' Q.3 12 NR
NG, NO, NO 2.78 NO ND 2.5 199 (&) NR
pH (a) - . 92 -3 S84 - 94 ND NR NR
Sultate 10 0 7 g 6 1.320 NR
a = Reported as standard units.
b = 95% confidence Umit of the 95th percentile ot the data distribution.
[ = Vale for Nitrate oniy.
J = Estimated value.
ND = Not detacted.
NA = Notanaiyzed.
NR = Notreported.
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Table 3-10 Analytical Results for the 116-F-9C Borehole (page 1 of 2)

Sumple Numb NE BOBONS BOBON? BOBONSE BOBOPO 96% CROL/
UTL {a) CRDL
Depth Intervel [ E-X 3 P RIN 14.6-166 h 186186 h 2226
Inorganics ma/kg ma/kg mg/kg mg/hg myg/kg mg/kg mg/kg
Aluminum 5,220 8,070 3,770 4,250 4,780 15.600 200
Arsenic 2 1 1.5 2.1 0.9 8.92 10
Barlum 48.1 64.7 63.3 58.8 58.2 171 200
Berylilum 0.3 0.29 0.22 Q.27 o.18 177 S
Calcium 3,170 3,550 4,050 4,580 4,670 23,520 5,000
Chromium 79 12.2 86 10.2 138 279 10
Cobalt 6.7 a.8 7 9.1 a.6 1986 30
Copper 13.4 157 13.7 18.4 13.9 28.2 25
- iran : R - ceeepe s 13,700 114800 12,200 17,100 14,600 39,180 100
Lead ) T34 Too28 ¥ T 24 ©o22 T 1475 a
Magnesium 3.550 3,620 2.750 3,460 3.760 8,760 5,000
Manganese 228 168 158 203 215 812 15
Micket 8.8 10.4 6.9 9.8 9.2 25.3 40
Potassium ) 882 1,050 am 726 773 3120 5,000
Shver ND ND ND ND 1 2.7 10
Sodium 146 257 203 243 3z2 1,290 5,000
Vanadium 321 42.4 32.4 46 41.3 ™ 50
Znc 32 7 29.1 36.5 .4 79 20
Volatile Orgunics #3/%g #3/kg ua/kg #3/kg ug/kg »3/kg waikg
2-Butanone ND ND ND ND 23 NR 10
Acetone ND 1 3 " 12 NR 0
Methylene Chicride ND 4 EN ¥ 3 NR 10
Toluene ' S 1o 2 2 ND NR 10
Sami Volatls Orgerics /g #Q/kg wg/ng wg/hg wa/hg #»a/kg wQ/RG
DiHnbutylphthalate ND ND ND ND 74 NA 330
Pestcides/PCB wgieg wg/kg “Q/hg wa/kg £a/kg #9/kg #3/g
alpha-Chlordane ND 4.7 37" ND ND NR 17
gamma-Chiordane ND 4.8* s NG ND NR 1.7
—
Radionuclides pCi/g olug aCig pCi/g pCi/g pCifg pCifg
gross beta 1 52 50 43 a0 NR NR
Carbon-14 ’ 140 120 ~ND ND ND NR NA
| Potassium-40 o LI ’ i ] W By NR NR
Stron!lum-éﬂ 7 7 NO b -7 =] 19 NR NR
Cesium-137 ND ND 135 ND ND NA NR
Radium-226 0.48 0.62 2.43 0.4 0.36¢ NR NR




Table 3-10 Analytical Results for the 116-F-9C Borehole (page 2 of 2)
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Semple Number BOBONE 7 B0B0ONS aogoro 5% CROL/
UTL (e} CRDL
Oapth Intarvel 02 h 11 14 6.186 ft 1866186 R 2326 1

Radionuclides (cont'd] pCi/g pCi/g pCi/g pCi/g pCi/g pCi/g pClig
Thorium-2268 .83 .64 .62 0.49 Q.38 NR NA
Thorlum-232 0.88 Q.66 0.6 0.68 0.39/ NR NR
Uranium-233/234 0.58 0.38 0.2¢° 0.29* ND NA NR
Uranium-238 0.53 0.39 0.46 0.36 0.3 NR NA
Anions ma/kg mg/kg mg/kg my/kg mg/kg mg/kg mg/kg
Fluoride 1 0.9 1.2 1 1 12 NA
NG, NG, NO 1 47 ND ND 199 () NR
Sultate 4 256 875 415 95 1,320 NR
a = 395% confidence limit of the 35th percenule of the data distribution,
b = Value reported is for Nitrate ony.
J = Estimated value.
NA = Not analyzed.
ND = Not detected.
NR = Notreported.
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Table 3-11 Analytical Resuits for the 116-F-9D Test Pit (page 1 of 2)

Sampie Number BORG78 BOSGTR goaas0 BOBG31 95% CROL
UTL ib} CRDt.
Dapth interved Surtsce 9-10h 16kt 0h
Inorganics mg/kg mg/hg mg/kg mgfkg mg/kg mg/kg
Aluminum 5.550 6,440 7.760 5,960 15,600 200
Arsenic 1.9 2.9 1.7 1.2 8.92 10
Barium a8 78.3 67.5 58.5 17 200
Beryllium 0.18 0.27 o 0.16 1.77 5
Caicium 2,840 5,240 7.180 3,260 23,920 5,000
Chromium 1m0 25.1 12.4 9.2 27.9 10
Cobait 8.4 10.1 FA) 7 18.6 50
Copper 15.4 32.5 15.7 13.4 28,2 5
Iron 12,900 15,900 16,100 13,300 39,160 100
Lead 3.4 14.6 5.9 3.2 14.75 3
Magnesium 3,820 3,640 4,740 3.950 8.760 5.000
Manganese 233 220 265 210 g612 15
Mercury Q.08 Q.18 0.1 0.09 1.25 Q.2
Nickel 107 10.9 1. 9.4 25.3 40
Potassium 693 1,150 1,400 756 3120 5.000
Sliver 1.2 r.a 1.5 1.4 2.7 10
Sodium 124 167 140 127 1,290 5,000
Vanadium 316 38.8 34.1 2.2 111 50
Faisd 27 246 53.4 296 79 20
Voletle Dignnics w#a/kg wa/kg #3/kg #3/kg va/hg wQfkg
4-Methyl-2-pentanone ND 13 ND 11 NA 10
Acetone G =) ar 7 NR 10
Toluene 2* a7 8 19 NR 10
Femi Voisiile Organice - w3ikg ¥g/RG wGrRG HGHG ug/g »a/kg
bis(2-Ethyinexyl)phthalate 340° NC 59+ a4+ NA 330
Di-rebutylphthalate 76’ ND 53 57 NR 330
Peaticides/PCE #g/kg #g/kg #9/kg #3/%g #9/kg uafkg
aipha~Chlordane ND k) 76 6.1 NR 1.7
gamma-Chlordane ND 200 48 4.1 NA 1.7
Radionuciides pCi/g pCilg aCi/g pCi/g pCisg pCifg
gross aipha 8.6¢ ND .44 ND NR NR
gross beta 19 00 30 29 NR NR
Potassium-40 15 3 5 13 NR MR
Cobait-60 ND 0074 ND 0.055 NR NR
Stromium-90 ND 39 ¢ 8.3 NR NR
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Table 3-11 Analytical Results for the 116-F-9D Test Pit (page 2 of 2)

[y p—— -
UL TEpUnes.

Sarnple Numbes BOSGTE 808079 BORGEQ B0SGE1 /% CROU
UTL Wl CROL
Depth inverval Surface 8101t NN 20 R
P

Radkonuakides {sont'd) pCl/Q pClig pCl/g pCifg pCl/g pClfg
Cesium-137 ND 0.967 0.17/ 0,13 NA NR
Europium-152 ND 0.69 ND 0.14 NR NR
Radium-226 0.53 0.564 0.50 0.38 NR NA
Thorlum-228 1.1° 0735 0.6%¢ Q.80 NR NR
Thorium-232 ) 0.8% ) 0.88+ 0.76* Q.61 NR NR
Uranium-233/234 0.48 0.72 0.55 0.28 NA NR
Uranium-238 0.45 0.64 0.44 0.37 NR NR
Plutonium-239/240 ND 0.0284 ND ND NR NR
Anions mg/kg mg/kg mo/kg mo/kg mg/kg mg/kg
Fluoride c.70 0.50 12 1.1 12 NR
NO,, NO, 2.86 17 148 6.74 199 () NR
pH (a) 7.8 7.9 8 8.1 NR NR
Sulfate 3 480 REY 240 1,320 NR
a = Reported as standard units.
b =  95% confidence limit of the 95th percentile of the data aistribution,
c = Value reported Is for Nitrate oniy.
J « Esttmated valye.
NA = Notanalyzed. .
ND = Notdetected.
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Table 3-12 Anaiytical Results for the 116-F-14 Borehole (page 1 of 2)

Sample Number BOSOQ4 BOGOQE aosgae BOAOQY? :{ef:Le ] BOBOQ9 6% CRaOL/
UTL (m) CROL
Depth intarval 0-2 K 266 h 57 h 10613 1t 16.8-18.8 1t 23-246 1t
Inorganics mg/kg ma/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg
Aluminum 6.620 13,000 6,520 5.450 6,170 6,010 19,600 200
Arsenic 2 1.4 0.89 0.82 1.4 0.59 8.92 10
Barlum 158 170 65.6 867 70,5 79.1 171 200
Beryllium 0.36 0.59 ND 0.26 0.23 ND LT 5
Cadmium ND ND 15 ND ND ND 0.66 (b} 5
Calclum 8,710 69,700 6,890 2,830 2,730 3.960 23,820 3,000
Chromium 10.8 16 124 46.4 3.2 35.3 278 10
Cobatlt 73 83 4 [} £.1 10.6 19.6 50
Copper 155 17.0 293 135 135 15.9 26.2 25
Iron B T B T wsamo o 17,400 TO150400 0 1.sCo 12,000 17,400 39,760 00
Lead 5 34 4.5 25 35 2.6 14.75 3
Magnesium 4,110 6,570 4,620 3.960 4,310 4.820 8,760 5,000
Manganese 265 224 240 234 224 260 612 15
Mercury ND 0.22 NO 0.14 0.1 ND 1.25 Q.2
Nickel 105 129 "6 4.4 El 20.8 25.3 40
Potassium 1.050 1.200 578 43 519 a8 3,120 5.000
Silver ND ND ND NO 0.79 ND 2.7 10
Sodium 245 703 266 151 158 424 1.250 5,000
Vanadium 45T 305 335 23.4 27.3 50.2 111 30
Zinc T 52.9 47 4 B il 382 79 20
Volatile Organics N~ [P PN PR P A wing #9/kg JReT s ]
2-Butanone N ND NE NG NS 2! NA 10
4-Methyl-2-pentanane ND ND NO NG %0 3 NA 10
Acetane 2z g 7 I 46 1 NR 10
Chloroform N3 ND ND ND ND 9 NR 10
Methylene Chioride ' E 3" - 1 4- ND NR 10
Toluene - 8z < Z 16 NR 10
Semi Volstile Organics . - e s R Lt w4y wding w3,%g wg/kg wQ/kg 1a/kg
_bis(2-Ethylhexyhphthalate Ha 50 N ol psio 7 NR 330
Di-n-butylpnthalate a3 Ao T R TED- 1300 NR 330
Diethyiphthajate s NG N NC 2,600 NR 330
Pesticides/PCB “3g H3/kg WG w3ina wa, kg vg/Kg 1k wg/ng
pte] NG Sl K™ NO ND NR ND
Radionuciides £Cig oCita st o oCr g pCi/g pCi/g pCitg
Qqross alpha e 14 N ~NE I ND NR NR
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Table 3-12 Analytical Results for the 116-F-14 Borehole (page 2 of 2)

Sample Number BOBOQS BOROQS BEOS0Q8 B080Q7 Bos0Qs [3el [e]el 9E% CcRQL
UTL (e} CRDL
Dapth Intarvel 0.2 266N -7 10.6-13 ft 16.6-18.6f | 23.246f

Radionuciides {conr'd) eCi/g pCi/g pCi/g pCi/g pCi/g PCifg pCifg pCirg
gross beta 12 440 230 21 13 11 NA NR
Carbon-14 ND 28 7.y ND NG ND NR NA
Potassium-40 1" ND ND 12 9.4 15 NR NR
Cobalt-60 ND 43 53 ND NO NO NR NR
Strontium-90 ND ] 16 2.5 ND ND ) ND NR NR
Cesium-137 NO a.4" 12 5.8% 2.1 1.5 NR NR
Eur-onium-152 - - 1.2 - 94¢ 1 450 NC ND ND NR NR
Europium-154 Q.97/ 130 ‘54‘ ND ND ND NR NR
Europium-155 NA 6.6 27 NA NA ND NR NR
Radium-226 05 ND ND .91 2.9 0.5 NR NR
Therium-228 0.6 ND ND 0.58 Q.47 0.62° NR NR
Thorium-232 0.6 ND ND 0.74 (.54 0.75¢ NRA NR
Uranium-233/234 Q.41 0.57 0.94 0.55 0.5 Q.38 NR NR
Uranium-238 0.33 0.56 0.76 0.93 0.38 0.38 NR NR
Plutonium-238 ND 0.13 0.12 ND ND 0.24¢ NR NR
Plutonium-239/240 ND £ 27 0,021 ND 0.03% NR NR
Americium-241 N Rl PE-D ND ND ND NR NR

Anione mokg TG nEkg kg Hals TR} mng/kg mg/kg mg/kg
Fluoride 0.6 PR 5.4 4 0.8 04 12 NR
NO,, NC, 3.7 i50 ND ND ND ND 199 (q) NR
Sulfate Y 8 57 7 3 8 1.320 NAR

= 95% confidence it of the S5t percertie 3t the data JISILoulcn
= Vatue repofted is mit of detection.

Value for Nitrate only

= Estimated value.

s Value marked as rejected in valdation repzit,

ND = Not detecteq.

NA = Not anatyzed.

NR = Notreported.
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Table 3-13 Analogous Site Comparison for 116-F-14 (page 1 of 2)

DOE/RL-93-82

Draft A

116F-14 116-C-6 116-D-7 118-DR-8 118-H-7 96% UTL (c) CROQL/CRDL
INORGANICS (a) maskg mg/kg mg/kg mg/kg mg/kg ma/kg
Arsenic 12.4% 47 8.82 10
Cadmium 1.5 - 1.2 - 0.66 (d) 3
Chromium 124 609’ 51.6 714 28,34 279 10
Copper 29.3 46.8 - - 28.2 25
Lead - 564° - - 540 1475 3
Mercury - 4.3 - - 1.25 0.2
Nichet - - kia . 25.3 40
Zing 87.4 309 - - 43,1 79 20
VOLATILE ORGANICS #G/xg #a/kg #a/kg g/Rg ug/kg w3/kg va/kg
2-Butanone 2’ - NR 10
4-Methyl-2-pentanone 3 NR 10
Acetone 46 55° NR 10
Chioroform g - - NR 10
Methylene Chioride 44 16* NA 10
Toluene 82 n 4G NA 10
Trichlgroethene & NR 10
SEVI VOLATILE ORGANICS wahg wa/kg wying waikg warkg #Q/kg wg/kg
2-Nitraphenal 350¢ NR 330
Anthracene 150¢ NR 330
Benzo(a)anthracene 77 1304 NR 330
Benzo(a)pyrene 110~ NR 330
Benzo(b)fucrantheng 100¢ 120" NA 330
Benzo(ghi)perylene 45¢ NR 330
Rerzo(k)fiuoranthena M a3he NR 330
B_enzoic acid 74 NR
bis{Z-ethyihexyl}phthalate 200° 5,200 NR 330
Butylbenzyiphthalate 2.200 NR 330
Chrysene 0 140 NR 330
Diethylphihalate 2,600 347 NR 330
Di-n-butylphthalate a0 5 2.500 NR 330
Flucrantnene - 57/ 240- NA 330
indeno(1.2,3-cd)pyrene 75 NR 330
Pentachlorophenc! i e NA 1,700
Phenol N NA 330
Pyrene B NR 330
PEATICIDES/PCE wgrkg HQikg FRIL] v3rkg ug/Kg ugrhg va/eg
Arocior- 1260 137 NR 330
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Table 3-13 Analogous Site Comparison for 116-F-14 (page 2 of 2)
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L33z
DOE/RL-93-83 7"

MAXMUM CONCENTRATION ] 118F£.14

118-D-7

V1B-0RD

118-H-7

I 96% UTL (ch

CRQL/CADL

RADIONUCLIDES (b} pCi/g pCi/g pCi/g pCi/g pCi/g pCirg pCi/g
Carbon-14 28 6404 25.06 - NR
Potassium-4Q 12 15.84 14.7 NR
Cobait-60 3¥ 310 36 NR
Strontium-S0 164 776 1.8 3.8 3.2 NR
Technetium-99 1.5" NR
Cesium-137 12 200 3.35 1.94 35 NR
Europium-152 540 1.400 260 NR
Europium-154 130 410 37 NR
Europirum-155 5.6 41 NR
Radium-226 128! NR
Thorium-228 102 NR
Uranium-233/234 1.4"° NR
Uranium-238 3 NR
Piutonium-238 g9.4" NR
Prutonium-239/240 g1 Rl 1.3 NA
Americium-241 34 NA
a = Inorganic values were screened against Hantord Site packarouna 95% UTL Region X excluded elements

b = Only radionuclides greater than 1 pCi/g were reported.

c = 95% conficence limit of the 95th percentile of the data aistributon,

d - Yalue reported Is limit of detection,

J = Value is estumated, conuentralion less than contract requireg deteglicn imit,

A = Value marked as rejected in validation repcrt

- = Not detected.

NA = Not reported.

Analogous site data taken from associate LF reports, - DCE-RL 9930, ‘DOE-RL 199321, (DOE-AL 1993m)
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Swmple Number BOBORS BCOBORE 6% cRau
WUTL 1m) CRDL
Depth Intarval a1 h 2546 fr
Ingrgsnics mafky mg/kg mg/kg mag/kg
Alyminum 4,280 8,110 15,600 200
Antimany 3.7 kR4 15.7 (b) 80
Arsenic 6.2 4 8.92 10
Barium 64.7 ir.8 17t 200
Beryllium 0.12 0.18 1.77 5
Calgium 1,550 2.160 23,920 5,000
Chremium 164 85.3 27.9 10
Cabalt 4.7 71 19.6 50
Copper 73.8 39.1 26.2 25
fran 17.700° 20,5007 39,160 100
Lead 73.2 34.6 14.75 3
Magnesium 2.210 3,740 8,760 5.000
Manganese 116 195 612 13
Mercury 0.48 108 129 0.2
Nickel LIEC] 21.3 253 40
Potassium 398 1,169 3,120 5,000
Selemum u.78 ND 5 () 5
Sodium 130 Ha 1.250 - 5,000
Vanadium 272 442 M 30
Zinc 3.7 129 73 20
Volatie Qigarce Wi g PR kg priealte]
Toluene 45 adu NH 1
Semi Yointle Organica ot G HGE/kg warkg freflls]
Benzo(ayanthracene ~ND 527 NR 330
bis(2-Ethyihexyiipnthalate 4,100 sa0 NR 330
Flucrantnene ND 45 NR 330
Pyrene N 3 NF 350
Pesticidas/PCB wldfhg 3 RG #3ikg #aikg
Arocicr-1284 100N pEGE NFR 33
Araclor- 1750 et ni- M 13
Asdicnucides S . a Suirg oLy
3rass agna i) i MNE NR
Jross buts W2 3 N NR
Potassiur -4 2.5 NF NA
Cesium-137 t e 'ra NR NR
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QCEERLT O
DOE/ RL—Q}S“E gjﬂ Whudif ;"] ” FJE;
Draft A

Table 3-14 Analytical Resuits for the 108-F French Drain (page 2 of 2)

Sampie Number BOBORA 803CRE 6% CROL/
UTL s} CROL
Dapth Interval 0.1 f 36486n

Radionuclides (cont'd) pCitg oCi/g pCig pCig
Europium-152 0.12 ND NA NA
Radium-226 .41 0.42 NR NA
Thorium-228 G.55" 0.8’ NR NA
Thorium-232 0.50° Q.75 NAR NR
Uranium-233/234 0.45 0.45 NR NR
Uranium-238 0.47 .42 NR NA
Plutonium-238 220 86" NR NA
Plutonium-23%/240 34 AR NR NR
Americium-241 33 12 NR NR
Anions Mg ma/kg mg/kg mg/hg
Fluoride J B0 0.40 12 A
NO,, NO, 323 45 195 ¢ NR
Suifate "50 47 1,320 NR
a = 95% confidence imit of the 95th percentie of the data distoibution.
7} = Value reponed s imit of Jdetection
c = Value tor Nitrate only.
J = Estimatec vaiue.
R = value marked as reected n vahdauon report,
NA = Nct analyzed.
ND = Not detected.
NR = NGt reporteg
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Table 3-15 'Analogous Site Comparison for 116-F-8

MAXIMUM CONCENTRATION 116-0R5 118-0-6 26% UTL (bi CRAL/CROL
VOLATILE ORGANICS wa/kg #Q/kg wa/kg #a/kg
Trichloroetheng 5 NR 10
SEMI VOLATILE ORGANICS #a/kg #3/kg wg/kg »a/Kg
bis{2-Ethythexyl)phthatate 5,500 NR 330
Butylbenzylphinaiate 2.1C00 NR 330
Di-n-butylphthatate 1,800 NR 330
PESTICIDES/PCB #9kg ug/kg ug/kg »9rkg
Cietdrin 2.1 NR 3.3
RADIONUCUDES (a) pCig pCvg pCi/g pCi/g
Potassium-40 138 12¢ NR

- Onty radionuchdes greater than 1 pCi/g were reported.

a
b - 95% confidence 4mit of the 95th percentie of the data distnibulion

J = Yalue 15 estimated, concentration less than contract recwrea detectian hmit.
N

- Not detected.
R = Not reported.

Analogous site data taken frpm associale LF| reports, (DOE-RL 19930), (DOE-RL 1993¢), (DOE-RL 19934d).
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Table 3-16 Analyticai Results for the 132-F-1 Test Pit (page 1 of 3)

Sample Number | BO7201% B07202 BO7203 807204 396% cRavy
UTL (a) CRODL
Dapth lntsrval Sample Ouplicate Split 8lank
Inorganice mag/kg MoKy mao/kg mag/hg mag/kg mgrkg
Aluminum 5,020 5,070 2,820 NA 15,600 200
Arsenic 2.7 ND 2.77 NR 8.92 10
Barium 351 38.5 23.6 NR 171 200
Beryitium ND ND 0.35 NR 1.77 5
Calcium 5.520 5,780 4,480 NR 23.920 5,000
Chromum 8.2 8.7 5.5 NA 2139 10
Cobatt 5 6.2 5.4 NR 19.6 50
Copper 12.8 12.3 10.4 NR 28.2 25
Iron 12.200 12,200 7450 NR 39,160 100
Lead 3.8 4.7 2.5 NR 14.7% 3
Magnesium 1,680 3,720 2.180 NA 8.760 £,000
Manganese 221 240 154 NR 512 15
Nickei 3 9.2 5 NR 25.3 40
Potassium 618 6878 434 NR 3,120 5,000
Seiamum 2.1 u- NS NH 5 () 3
Sodiym 172 i Uz NR 1,290 5,000
Vanadium 28.4 295 4.4 NR 111 50
zZinc EET 327+ ‘39 NE 79 P
Volatila GOrganics w3/Rg el warg Hg/Rg Lgihg #g/kg
2-Butancne 4- NG g NO NR 1
4-Metnyl-Z-pentanonu i Yo for ND NR 0
Acetone ~C = L3 NG NA 10
Methyiene Chloride ND - ' 4 NR 10
Sermi Volatile Qrganics #I/%G kg w3ing wg/kg w3/hg uging
Benze(alanthracene a4+ 75 N NR NFR 330
Benzoia)pyrene ND 7 ND NR NR 3o
Benzotb)fluorantnene 40+ - ERR ’ w0 ne NB 330
Benzo(k)ftuoraninene ND EOR MO NR NA 330
bis{2-Cthyinaxytiohthatate - 58 N Sai NE NR 330
Chrysene 4 a U NR NR 330
Fluoranthene N b . LN NR 30
Phenantnrense 5 “H NR 350
Fyrene S L N NR 330
Peatcides/PCE wdikg FEEN| ard waikg - wg/hg LG/RG
gamma-Chiordang s SR A 1.7
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Table 3-16 Analytical Results for the 132-F-1 Test Pit (page 2 of 3)

Sample Numbes Bsorz0 BO7202 807203 807204 14 CRAL/
UTL (wi CRDL
Depth interval Sample Duplicute Spiit Blank

Radionuclides rCifg pCi/g pCirg oCug rCig pCijg
gross alpha 1.8 3" 4.2 NR NR NR
gross beta 12+ 19 38" NAR NR NR
Berylllum-7 ND ND 0.3" NR NR NR
Carbon-14 ND ND -0.27° NA NR NA
Fotassium-40 9.4 13 13" NR NR NR
Manganese-54 ND NOD a.02* AR NR NR
Cobalt-38 ND ND o.03" NR NR NR
Iron-59 ND ND .09 ~NR NR NR
Cebait-60 ND ND 6t R NA NR
Zinc-65 ND ND uur A NA NR
Strontium-90 ND ND 0.024" NR NR NR
Zirconum-8%5 NG ND 0.04" NA NA NA
Ruthenium-103 NO ND 0.04" NR NR NA
Ruthenium-108 ND ND 2.2" NR NA NR
{ridium-131 ND ND 06" ~R NR NR
Cesium-134 V ND ND 0.03* NAR NR NR
Cesium-137 NO ND c.ot NR NR NR
Barlum-14C ND ND a2 NR NR NR
Cerium-141 ND ND 0.07° ~R NR NR
Cerium-144 NG NG [ “~H NA NA
Euro;:::uru-ﬁ?. N N L - NH NA
Europium-154 NG NU L3 e NR NR
Evropium-135 ND O JuEn S NR NA
Radium-226 0.36 L.44 4500 SH NR NAR
Thorium-228 0.61 n.97 {.498"° NR NR NR
Thorm-232 .57 182 NG o NA NR
Thorium-234 ND NO S TH = NR NR
Uramum-233,234 9.73 255" NE SR NR NR
Uranium-235 gt soran 101 SR NR NR
Uranim-238 Uoant inan PRV et NR NR
Plutoniuin-238 DR i " S NR NA
Plutonium-235/240 208" Nl LBt - NR NA

Aniona naskq ! 13eg 1309 mg/kg markg
Fluoride ND 4 2.4 NR 12 NR
NO,, NO, NR NH NH 189 (¢) NR
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Table 3-16 Analytical Results for the 132-F-1 Test Pit (page 3 of 3)

Sampie Number BO7201 BO7202 BO7202 BO7204 96% CRAOLS
UTL (a) CRDL
Dapth | | s ! Dupli Split Blank
Anions icont'd) mg/kg mg/kg mg/kg myg/kg mg/kg mg/kg
Sulfate 2.51 34 32 NA Sa0 NR
a = 45% contidence nmit of the 95th percentile of the data aistioution,
1] = Value reported is iimi of detection.
< = Value reported is for Nitrate oniy.
J = Estimated value,
R = Value markec as rejected in vandation reperi,
NA = Noi anaiyzed.
ND = Not detected.

NA = Not reported.
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Description

Citatjon

R&A*

Requirements

Remarks

Atomic Energy Act of 1954,
as amended

Radiation Protection
Standatds

Stapdards 1o
Managenment and

Storage

Nuvlein Regulatory
Cuomnmision Standards
for Protection Apainst
Radistion

Radiation Dose
Standards

42 U.S.C. 2011
et sey.

40 CFR Pan 191

U CER 819103

1 CFR Pan 20

10 CFR
§§20.101-
20,105

R&A

Authorizes DOE 10 set standards and resinclions governing
fac ilities used for research. development, and wilization of atomic
eneTgy .

Establishes standards for management and dispuosal of high-level
and transuranic wasle and spent nuclear fuel.

Reguires that management and storage of spent nuclear fuel or
high-level or transuranic radioactive wastes at alf facilities for the
dispuosal of such fucl or waste that are operated by the DOE and
that are not regulated by the Commission or Agreement Stales
shall be conducted in such a manner as 10 provide reasonable
assurance that the combined annual duse equivalent 10 any
member of the public in the general environment resaling from
discharges of radioactive matenial and direct radiation from such
management and storage shall not exceed 25 milliems o the
whole hody and 75 muilirems 1o any eritical organ.

Sets specific radiation doses. levels, and concentrations for
resincted and unrestricled areas.

Applicable to wastes disposed of afier
November 18, 1985.

May be relevant and appropriate. as
radioactive malerials in the 100 Area can
contribule radiation doses. levels. and
concentrations which could exceed the
Iinuts; however, Hanford is nol an
NRC-licensed facility.
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Af .
Desenption Ciation R&aA* Re.i:&]uiremcnls | Remarks
Safe Drinking Water Act 42 U.S.C. 3001 Creates a comprehensive national framework 1o ensure the quality
[ el seq. and safety of draking water.- .
MNationul Prnsay 40 CFR Pun 14} R&a Establishes maximum coptaniinant levels (MCL) and maximum Applicable 10 public waler systems.
Dnnking Water contaminant fevel goals (MCL.G) for vrganic, inorganic, and Potential chemicals and radionuclides of
Regulations radwactive constitueats. The MCL for combined radium-226 and concern may migrate 10 the drinking water
vadinm-228 i 5 pCi/L. The MCL for gross alpha particle activity supply as a resull of remedial activities.
Gincluding radium-226 bul ex:luding radon and uranium) is Although federal MCLGs are not
15 pCL. The average annulal concentration of beta particle and enforceable standards, they are potential
photon radicactivity from manmade radionuclides in drinking ARARs under the Washington State Model
- water shall net produce an annual dose equivalent 1o total body or Toxics Control Act when more stringent
any intemal ergan in excess ot 4 millirem/year, than other standards. See state ARARs.
Natiunal Secandary 40 CFR Pan 143 R&A Courobs comaminants in dnnking water that pnmanly affect the Allthough lederal secondary drinking water
Deinking Waie sesthetic qualities relating 10 the public acceptance of drinking standards are not enforceable, they are
Kegulations walen puential ARARs under the Washingion
State Model Toxics Control Act when
more stripgent than other standards. See
state ARARS.
Salid Waste Phsposal Act, 12U S C ool Letablishes the basic framewenk for federal regulation of solid and
as annnded by the el sy haraidous waste.
Resonree Conservation aud
Recoveny At (RURA)
Groundwaier U CER §264.92 A A iy shalb nol comanunate the uppermost aquifer underlying

Frowecuon
Standards

IWAC 173-303-6
45)

the wasle management area beyond the point of compliance.
which 1s 2 vertical surface located at the hydraulically
downgradient limit of the waste management area thal ¢xtends
dvw o the uppermost aqui.l'er underlying the regulated arca.
The concentration of cenain chemicals shall not exceed
bavkground levels. certain specified maximum concentrations, or
gliernate concentration fimits. whichever is higher.

Growndwater concentration linuts in this
sewtion do not exceed 40 CFR 41, excepl
for chromium which has & limit of 50
ug/L.

*These are State of Washingion regulatory citations which are equivalent 10 Title 40 Code of Federal Regulations, Pdrlh 264 and 268 as stated in Washington

Administrative Code 173-303.
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Deseription

Chiation

Al
R&A*

Requirements

Remarks

Uranium Mill Tailings
Radiation Control Act of
1978

Standards tor Uranium
and Thorium Mill
Tailings

Lund Cleanup
Standards

lmplemenanion

Publi: Law
95-60M, as
anmended

40 CFR 192

40 CFR
§§192 10
192.12

40 CFR
§5192.20
19223

R&:A

R&A

Establishes standards for control, cleanup. and management of
! . - - -
radivaciive materials from inactive uranium processing sites.

Reguires remedial actions to provide reasonable assurance thar. as
a 1esult of residual radioactive materials from any designaled
peovessing site. 'the concentration of radium-226 in land averaged
uver any area of 100 square meters shall not exceed the
background Jevel by more than 5 pCi/g. averaged over the first 15
<m of soil below the surface, and 15 pCi/g. averaged over
15.cm-thick layers of soil more than 15 cm below the surface. In
any hahitable building, a reasonable effart shall be made dunng
remediation Lo gchieve an annual average (or equivalent) radon
decay product concentration (including background) not to exceed
002 Working Level (WL). la any case. the radon decay product
concenlration (inclading background) shall not exceed 0.03 WL
and 1he Jevel nf‘gamma vadiation shall not exceed the background
level by mare than 20 nucroroentepens per hour.

Reyuires that when radienuclides other than radiom-226 and us
decay products are present in sufficient quaniily and concentralion
W constitute a sigaificant radiation hazard from residual
radicactive matenals. remedial action shall reduce other residual
1adivactivity 1o levels as low as reasonably achievable (AL ARA).

May be relevant and appropriate, as any
radium-226 encountered during remediation
did net result from uranium processing.

May be relevam and appropriate, as any
radium-226 encountered during remediation
did not resolt from uranium processing.

*NOTE: A = Applicable. R&A

= Ruelevant and Appropriate
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Al
Description Citation R&A* Requirements Remarks

Model Toxics Control Act 70.105D RCW Requires remedial actions 10 auain a degree of

{MTCA) cleanup proteclive of human health and the
environment.

Cleanup Regulations WAC 173-340 Establishes cleanup levels and prescribes methods 1o
calculate cleanup levels for soils. groundwater.
surface water, and air.
Girovndwer Cleanup WAC A

Standards

173-340-720

Requires thal where the groundwater is a potential

source of drinking water, cleanup levets under

Method B must be at least as siringent as
cencentralions ¢stablished under applicable state and
federal laws, including the following:

{A) Maximum comaminant levels established unde
the Safe Drinking Water Act and published in 40
CFR 141. as amended;

(B) Maximum contamiunant leve] goals for
noncarcinogens ¢stablished under the Safe Dnnking
Water Act and published i 40 CFR 41, as
anended:

(C) Secondary niximum contanunam levels
established under the Safle Drinking Water Act and
published in 40 CFR £43. ax amended: and

(D) Maximum contaminant levels established by the
stale board ol health and published in Chapier 248-54
WAC, as amended.

Federal maximum contaminant level goals
for drinking water (40 CFR Pant 14]) and
federal secondary drinking water regulation
standards (40 CFR Part 143) are polential
ARARSs under MTCA when they are more
stringent than other standards. Method B
cleanup levels are levels applicable 1o
remediation at Hanford unless a
demonstration can be made that method C
(allernate clehnup levels) is valid.
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A/
Bescripion Citation R&A* Requirements Remarks
Soil Cleanup Standards | WAC A MTCA Method BB concentration limits in milligrams
173-340-740

per kifogram for poteniial conlaminants in soils,
sediments, and studges are:

I
Barum |

Cadmium

Chromium () -
Chromium (V) .
Copper .
Ll“langxnes;

Mcrcury |

Silver

Zinc

Acelone

Benzene !
Carbon disul{ide
Mc:hyl ethyl ketone
Methyl isobutyl ketone
Methylene chlonde
Toluene | )
Anthracens
Benzo{a)anthracene
Benzo(bluoranthene
Benzo{k)laoranihene
Renzoic acid

Benzyl alcohol
His(2-ethylhe xyliphthalate
Chrysene
Ln-n-butylphihalme
Dhicthyl phihalate
Fluoranthene
N-nitrosodiphenylamine
Pentachlorophenl
Pyrene

5.600
40
80.000
400
3.200
400
24
400
24.000
8.000
345
8.000
48.000
4.000
133
16.000
24.000
0.137
0.137
0.137
320.000
24.000
714
0.137
8,000
64,000
3.200
204
833
2400
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A .
Descnplion Citation R&A* Requirements Remarks
Washington State Department RCW 43.70
of Nealth
Radiatien Prostection - Air WAL 246-247 Establishes procedures for monitoring, controt, and
Emissions reporting of airborne radionuclide emissions.
New and Moditied WAC 240-247 A Requires the use of best available radionuclide
Sources 074 contral lechnelogy (BARCT).
Radiation Protecuon WAC 246-22) Establishes standards for protection against radiation
Standards hazards..
Radiatvs duse 1o WAC 240-221. A Specifies dose limits 1o individuals in restricled arcas

wdividuals in restricted

arcay

010

fur hands and wrists, ankles and feet of 18,75
rem/quarter and for skin of 7.5 rem/quaner.

*NOTE. A = Applicable. R&A = Relevant and Appropriate

(€ Jo ¢ 3ded) nun 9jqesad 1-WI-001 241 10) spuaduwRNbay

errdoxddy pue jueasppy Jo aiqedddy Jyadg-rampay) yes erualod 81

£ 3lqel

v eIQ
78-£6-T4/40Q

|‘f
[
L

Ln
A




E6l-LY

1
Description Citation Requirements Remarks
Model Toxics Control Act 70.105D RCW ‘
Cleanup Regulations WAC 173-340 The Sune Depariment of Ecology is currenily adapl‘ing the

calculations in MTCA 10 be applicable 10 radioactive
contaminants. These cleanup standards may become
avarlable prior 1o or dunng remediation. ‘

Solid Waste Disposal Act, as
amended by RCRA

Critena tor Classification ol

Solid Waste Dispaosal
Facilities and Practices

Correcuve Achon for Suhd
Wasle Management Unis

42 U.5.C. 6901 er
sey.

40 CFR §257 13-4

40 CFR 264
Subpan S, propused

A fuctlity or practice shall not comtaminate an underground
drindking water source beyond the solid waste boundary.

Estabihshes requirements for investipation and corrective
achion (or releases of hazardous waste from solid wasle
Management units.

The courts or the state may establish aliernate

boundaries.

LS. Department of Energy
Orders

Radiaton Protecuon ot the

Pubhy aod shie Enviromaen

Radiinon Dose Himt (Al
Fathway s

Radiaton Dose Limin
(Drinking Water Pathway)

DOE 5408 §

DOL 54n3 5.
Chapter 1.
Section la

DOE 5400.5.
Chapier Il,
Section 1d

Estabhshes radiation protection standaeds For the public and

LA RERIVI AT}

The exposure uf the publiv to radialion sources as a
conseguengy ol all reutine DOE aclivitizs shall not cause, in
a year. an effective dose equivalent preater than 100 mrem
fron all exposure pathways. except under specitied
cicumslances.

Provides a level of protection fur persons consuming water
from a public drinking waler supply operated by DOE so thal
persons consuming water from the supply shall not receive
an effective dose equivalent greater than 4 mrem per year.
Combined radium-226 and radium-228 shall not exceed 5 x
10*uCi/mL and gross alpha aclivity {including radium-226
but ¢xcluding radon and uranium) shall not exceed 1.5 x 10*
uCrmkb. '

Peninent if remedial acnvities are “routine DOE

aclivities.”

Pertinent if radionuclides may be veleased

during remediation.
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Dreseniption

Citation

Requirements Remarks
Residual Radionuclides in Soil DOE 5400.5 Generic guidelines for radium-226 and radium-228 are: Residual concentrations of radioactive matenal
Chapler IV. in s0il are defined as those in excess of

Section 4a

. 5 pCilg averaged vver the first 15 cm of soil below
the surface; and

. 15 pCi/g averaged over 15-em-thick layers of soil
mwore than }5 cm beiow the surface.

Guidelines for residual concentrations of other radionuchides
must be denved from the basic dose limits by means of an
cnvironmenlal pathway analysis using specific propeny dala
where available. Procedures for these deviations are given in
"A Manual for Impiementing Residuzl Radioactive Maienal
Guidehines” (DOE/CH-8901). Procedures for determination
of “hot spots,” “hot-spot cleanup limits.” and residual
cancentration guidelines for mixtures are in DOE/CH-8901.
Residual radioactive malerials above the guidelines nust bhe
controlled 1o the required levels in 5400.5. Chapter I} and
Chapeer [V.

background concentrations averaged over an
arca of 100 mt*,
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authorization of any water resource project that would
have a direct and adverse effect on the values for
which a river was designaled as a wild and scenic river
or included as a siudy arca.

Description Citation Al Requirements Remarks
R&A*
Archaeological and Historical 16 US.C. 469 A Requires action 10 recover and preserve artifacts in Applicable when remedial action threatens
Preservation Act of 1974 areas where activity may cause irreparable harm, loss, significant scientific, prehistorical, historical,
or destruction of significant artifacts. or archaeological data.
Endungered Species Act of 1973 16 US.C. 1531 & Prohibits federal agencies from jeopardizing threatened
4. or endangered species or adversely modifying habitats
essential 1o their survival.
Faali and Wildlife Services S0 CFR Pans 17, A Requires identification of activities that may affect Requires consultalion with the Fish and
List of Endangered and 222, 228, 216, listed species. Acuions must nol threaten the continued Wildlife Service to determine if threatened or
Threatened Wildlife and 227.402. 424 existence of a listed species or destray critical hahita, sndangered species could be impacied by
Plasus aclivity.
Ilistoric Sites, Buildings. and 16 U.S.C. 460 A Establishes réquin:mcnls for preservation of histond
Antiguities Act sites. buildings. or objects of national significance.
Undesirable impacts W such resources must be
miligated.
Wild und Scenic Rivers Act 16 US.C 127 A Prohibits federal agencies {rom recommending

The Hanford Reach of the Columbia River is
under study for inclusion as a wild and scenic
nAver.

*NOTE: A = Applicable. R&A = Relevam and Appropriate
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Citation

A
R& A*

Requirements

Remarks

Habitat Buffer Zone for Bald

Bakd Eagle Pitection Rules

RCW 7712 655

WAC 232-12-292

Prescribes aclion te protect bald eagle habilat,
such as nesling or roost sites, through the
development of a site management plan.

Applicable if the areas of remedial agtivitics
includes bald eagle habitat.

Regulating the Taking or
Possessing of Game

Fndangered. Thieatened. or
Seasitive Wildlife Species

RCW 77.12 040

WAC 23232297

Prescribes action 1o protect wildlile classificd as
endangered. threatened, or sensitive. through
development of 4 site management plan.

Applicable if wildlife classified as
endangered, threatened. or sensitive are
present in areas impacted by remedial
aclivities.

Applicable, R&A = Relewvani and Appropriate
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Description

Citation

Requirements

Remarks

Floodplains/Wetlands
Environmental Review

13 CFR Pan 1022

Requires federal agencies to avoid, to the extent possible.
adverse effects associated with the development of a
luedplain or the destruction or loss of wellands.

Pertinent if remedial activities take place in a
floodplain or wetlands.

Protection and
Enhancement of the
Cultural Environment

Executive Order
11593

Peovides direction to federal agencies lo preserve, restare,
and maintain cullural resources.

Pertains 1o siles, sintclures, and objects of
historical, archeological, or architecturat
significance.

Hanlord Reach Study Act

PL 1041605

Paovides for a comprehensive nver conservation study
Piohibits the construction of any dam, channel, or
navigation project by a federal agency for 8 years afier
enactmienl. New federal and non-federal projecis and
avtivities are required. fo the extent practlicable. 1o mimimize
direct and adverse ¢ffects on the values for which the river
1» under study and to uiilize existing struciures.

This law was enacted November 4, 1988,
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DOE/RL-935p43.13. 0095

Draft
4.0 SUMMARY AND CONCLUSIONS OF THE QUALITATIVE RISK ASSESSMENT

This section provides a summary of the methods and results of the QRA that was
~-~~—performed for the high-priority wasie siies in the 100-FR-1 Operable Unit. Complete results
and methodology used for the QRA are provided in the QRA of the 100-FR-1 Source
Operable Unit (WHC 1993).

Data used for this 100-FR-1 QRA are from historical information and recent LFI
sampling. The data are evaluated using the Hanford Site Risk Assessment Methodology
(DOE-RL 1994a) as guidance. The maximum detected representative constituent
concentrations in the top 15 ft of the soil are compared to Hanford Site Soil Background
(DOE-RL 1993a). Constituent concentrations greater than background (inorganic only) are
compared to risk-based benchmark concentrations. For both the human health and ecological
evaluations, maximum constituent concentrations exceeding either of these criteria are
retained for further evaluation.

__ _ ___The 100-FR-1 Operable Unit QRA presents a qualitative evaluation of human health
and ecologic risks associated with the high priority and nonprioritized waste sites included in
the 100-FR-1 Operable Unit. The human health QRA evaluates two exposure scenarios (i.e.,
frequent- and occasional-use) over four exposure pathways (i.e., soil ingestion, fugitive dust
inhalation, inhalation of volatile organics, and external radiation exposure). The ecologic
QRA estimates risks to a selected ecological receptor, the Great Basin pocket mouse. The
use of these scenarios and pathways was agreed to by the 100 Area Tri-Party unit managers
(December 21, 1992 and February 8, 1993). The reductions in human health risks from
delaying the onset of human exposures to the year 2018 (i.e., decreasing radionuclide COPC
soil concentrations through radioactive decay) and from external radiation shielding effects
provided by clean-fill soil cover are also estimated. This QRA is not intended to replace or
be a substitute for a baseline risk assessment.

This QRA includes conservative assumptions which simplify the risk characterization
process, resulting in qualified estimates of risks and hazards to human health. The use of the
numerical risk and hazard estimates in the 100-FR-1 Operable Unit QRA should be limited to
.. comparisons with QRA for other operable units evaluated using the same methodology
(DOE-RL 1994a).

4.1 HUMAN HEALTH QUALITATIVE RISK ASSESSMENT

The 100-FR-1 Operable Unit human health QRA provides estimates of risks that
occur under frequent-use or occasional-use scenarios based on the best available knowledge
of current waste site conditions. Because neither of these exposure scenarios currently occur,
risks that might occur for humans under frequent- and occasional-use were included to
provide an upper and lower bound estimate of risk to a reasonable maximum exposure
individual.

4-1
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Draft A

4.1.1 Results of the Human Health QRA

Table 4-1 and Figure 4-1 summarize the results of the 100-FR-1 Operable Unit human
health risk characiérization of waste sites. Nine of the fourteen waste sites for which there
are soil analysis data are considered to have "high” human health risks in the frequent-use
~ scenario. _As such, these sites should continue on the IRM path.

The external radiation exposure pathway is shown to be the primary risk-contributing
pathway at all of the evaluated waste sites. No separate figure is produced for the external
radiation pathway as it so overwhelms the other two pathways. The total human heaith risk is
the external exposure risk. Consequently, radionuclide COPC that are external radiation
exposure hazards (cobalt-60, cesium-137, europium-152, and europium-154) are considered
the primary risk-contributing COPC. Chemicals (arsenic, chromium, PCB) and radionuclide
COPC that represent internal radiation hazards (tritium, carbon-14, strontium-90, etc.)
represent insignificant human health risks in comparison to the primary risk-contributing
COPC. Figure 4-1 also demonstrates that the inhalation, and ingestion exposure pathways
represent much lower human health risks than does the external radiation pathway at the
100-FR-1 Operable Unit waste sites.

The potential decreases in human health risks from delaying the onset of human

- frequent-use scenario- exposures -to-the-year 2018 are shown in Figure 4-2. A reduction of
one qualitative risk category (i.e., "high" risk reduced to the "medium" risk category) is
anticipated at five of the fourteen evaluated waste sites under the frequent-use scenario. This
reduction in risk can be primarily attributed to the radioactive decay of cobalt-60,
cesium-137, europium-152, and europium-154,

4.1,2 Summary of Key Uncertainties in the Human Health Risk Assessment

The human health risks presented in this QRA are conditional estimates that reflect
multiple assumptions and related uncertainties. This section discusses the sources of
uncertainty that were considered to have the greatest influence on the conclusions of the
100-FR-1 Operable Unit QRA.

The use of maximum soil concentrations of all COPC from the surface to a depth of
4.6 m (15 ft) as the exposure point concentration ignores the spatial distributions of surface
--and- subterranean.COPC concentrations that exist at all waste sites. Because the maximum
concentrations are assumed to be ubiquitous and readily accessible to potential human
receptors, this source of uncertainty results in over estimation of the exposure intakes, and
corresponding health risks, from all COPC detected at each waste site.

Exposure estimates for hypothetical human receptors include an extrapolation of
external radiation field properties and air COPC particulate concentrations from soil COPC
---concentrations. - Direct measurements, such as those provided by external radiation
dosimeters, are expected to significantly reduce this source of uncertainty in the 100-FR-1
Operable Unit QRA.
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The assumption of a homogenous distribution of the maximum soil concentration of

each radionuclide COPC ("infinite source"” geometry) is used to evaluate individual external
_ radiation exposure risks. Uncertainty is introduced into the QRA because this assumption

ignores the differences in radiation intensity provided for any other distribution of
radionuclide COPC in soil, and results in an over estimation of the external radiation
exposure risks. Because the external radiation exposure pathway was found to be the primary
risk-contributing pathway at all evaluated waste sites, this source of uncertainty is expected
to significantly impact the 100-FR-1 Operable Unit QRA.

Table 4-2 summarizes the qualitative risk evaluation of waste sites that have no soil
analysis data. Historical information and risk estimates from analogous sites were used 1o
estimate the qualitative risk category for such sites. The accuracy of the estimated qualitative
risk category is highly dependent on the appropriateness of the selected analogous waste site.
This major source of uncertainty can be reduced as site-specific data become available for
these waste sites.

4.2 ECOLOGICAL QUALITATIVE RISK ASSESSMENT

A qualitative ecological evaluation was completed for radiological constituents for the
100-FR-1 Operable Unit. The findings are:

. Historical data indicate that 116-F-4 Pluto Crib exceeds the EHQ (Table 4-3)
at the surface 0-1.8 m (0-6 ft) soil profile as well as the total the 0-4.6 m
(0-15 ft) depth, although it is recognized that the Pluto Crib was excavated in
1993,

. Eight sites (Table 4-4) exceed the wildlife NOEL (EHQ > 1} for one or more
nonradiological contaminants. These sites include: the 108 French Drain, the
116-F-1 Lewis Canal, the 116-F-2 Basin Overflow, the 116-F-3 Fuel Storage
Basin Trench, the 116-F-4 Pluto Crib (historical data), the 116-F-6 Liquid
Waste Disposal Trench, the 116-F-9 Animal Waste Leach Trench, and the
116-F-14 Retention Basin.

- .The estimation of significant EHQ. for radionuclides within 1.8 m. (6.1t) of the soil
surface, indicates that radionuclides at 116-F-4 Pluto Crib are available for uptake by plants
and can be biologically transported to the pocket mouse. Radionuclides at the 116-F-9
Animal Leach Trench, however, did not exceed the EHQ of 1 rad/day (0.8 rad/day) within
the 4.6 m (15 ft) of soil. The top 1.8 m (6 ft) of soil was three orders of magnitude less
than the total 4.6 m (15 ft) soil profile. This result indicates that there is less of a hazard for
biotransport of contaminants to the pocket mouse. For sites where the total radiological

4-3
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EHQ dose is > I, strontium-90 is the primary dose contributor. Table 4-5 provides a
comparison of the contaminants, which exceed an EHQ of one, for the individual waste sites.

4.2.2 Summary of Key Uncertainties in the Ecological Evaluation

--------- ‘The uncertainty in contaminant concentrations for the ecological evaluation is related

to the accuracy of the data. Uncertainty exists in both the contaminants identified and the
exposure concentrations. As for the human health assessment, the maximum observed
contaminant concentration is used for the evaluation, and this provides a measure of
conservativism to the pocket mouse dose model. However, if this number is not realistic, no
amount of modeling will overcome this deficiency.

The QRA models the potential exposure of pocket mice suspected to be present in or
near the waste site. The issues of concern with regard to ecological risk assessment
(particularly qualitative) are uncertainties in using an assortment of environmental variables
in risk modeling. Site-specific organisms (e.g., pocket mouse), are identified as being
associated with the site, but little, if any, data may exist concerning transfer of contaminants
from site-specific organisms. Often, it is necessary to use biological trophic transfer
information for related species. The pocket mouse dose model includes a number of factors
which are represented in the literature by a range of values, and each contribute to the
overall uncertainty. These include factors such as the soil-to-plant contaminant transfer
coefficients, the mouse feeding rate, the average pocket mouse body weight, radionuclide
biological decay, and radionuclide assimilation factors.

Because uncertainty exists within the dose modeling, the pocket mouse dose model for
this QRA builds certain conservatism into the dose estimates. For example, the maximum
observed contaminant concentration is used. The exposure scenario assumes uniform soil
contamination of the maximum concentration within waste sites and total contamination of
mouse foodstuffs. No provision is made for dilution of contaminated foodstuff by
noncontaminated foodstuff. The model assumes that the plant roots contact the contaminant
and that seed concentration is the same as the plant. Seasonal behavior (hibernation) that can
reduce internal exposure and body burden is not considered.

4-4
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Figure 4-2 Effect of Radionuclide Decay on Frequent-Use Scenario Site Risks
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Table 4-3 Environmental Hazard Quotients Summary for Radionuclides by Waste Site

Waste Site Dose Rate Exceeds Dose Rate Exceeds
1 rad/day (EHQ of 1) 1 rad/day (EHQ of 1)
0-6 feet 0-15 feet

108-F French Drain No No
116-F-1 Lewis Canal No No

A 116-F-2 Bacin Overflow Trench . No No
116-F-3 Fuel Storage Basin No No
Trench
116-F-4 Pluto Crib* Yes Yes
116-F-5 Ball Washer Crib NDA No
116-F-6 Liquid Waste Disposal ' No B No
Trench

J116-F-9 Animal Waste Leach No - - No

. Trench - -

116-F-10 Dummy NDA’ No
Decontamination French Drain
116-F-11 Cushion Corridor No No
French Drain ) o
116-F-14 Retention Basin No No
Process Discharge Pipeline No No
Basin Leak Ditch No No
EM Bypass Ditch No No

.- %= Based upen 116-F-4 borehole data, prior to the 100 Area Excavation Treatability Test (DOE-RL 1994c).
NDA = No data available
EHQ = environmental hazard quotient

4T-3
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Table 4-4 Environmental Hazard Quotients Summary for
Nonradiological Contaminants Which Exceed Hanford Background by Waste Site

Waste Site Dose Rate Exceeds Dose Rate Exceeds
NOEL (EHQ of 1) NOEL (EHQ of 1)
0-6 feet 0-15 feet
108-F French Drain®
(lead, selenium, zinc copper) Yes Yes
116-F-1 Lewis Canal
(arsenic, cadmium, lead, zinc) Yes Yes
116-F-2 Basin Overflow Trench
, . No Yes
(cadmium, zinc)
116-F-3 Fuel Storage Basin Trench Yes v
(lead, zinc, mercury [0-15 ft only], barium) e
116-F-4 Pluto Crib* Yes
. Yes
(barium)
116-F-5 Ball Washer Crib NDA NDA
11.6-F-6 Liquid Waste Disposal Trench No Yes
(zinc)
116-F-9 Animal Waste Leach Trench
. . No Yes
{silver, zinc)
IIGTF-IO Dummy Decontamination French NDA NDA
Drain
116-F-11 Cushion Corridor French Drain NDA NDA
116-F-14 Retention Basin v v
(cadmium, zinc) es es
Process Discharge Pipelines NDA NDA
Basin Leak Ditch NDA NDA
EM Bypass Ditch ’ T o NDA NDA

* = Based upon 116-F-4 borehole data, prior to the 100 Area Excavation Treatability Test (DOE-RL 1994c).
NDA = No data availabie

EHQ = environmental hazard quotient

NOEL = no observable effects level

4T-4
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Table 4-5 Comparison of Contaminants (Exceeding the EHQ) Between Sites

WASTE SITE

Ag

As

Cd

Cu

Ba

Hg

Se

Pb -

Radionuclide

108 French Drain

T

116-F-1 Lewis Canal

116-F-2 Basin Overflow

116-F-3 Fuel Storage Basin
Trench

X><><><Ql

116-F4 Pluto Crib*

116-F-6 Liquid Waste
Disposal Trench .

116-F-9 Animal Wasie
Leach Trench

X

116-F-14 Retention Basin

X

X

* = Based upon 116-F-4 borehole data, prior to the 100 Area Excavation Treatability Test (DOE-RL 1994¢).

EHQ = environmental hazard quotient
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5.0 RECOMMENDATIONS

The primary purpose of the LFI report is to recommend those high-priority sites that
- should remain as candidates on the IRM path and those high-priority sites which should not
remain as candidates for the IRM path. Sites that are not recommended as candidates for an
IRM will be addressed in the final remedy selection process. These recommendations are
generally independent of future land-use scenarios.

5.1 HIGH-PRIORITY SITE IRM CANDIDATE EVALUATION CRITERIA

The 100-FR-1 high-priority sites were evaiuated using the following critena to
identify those sites where continued IRM candidacy is recommended:

e the 100-FR-1 QRA (WHC 1993)

. an assessment of the waste site conceptual model

. identification of ;ny ARAR exceedance for vadose zone contaminants

. an evaluation of site-specific contaminant impact on groundwater

. identification of sites where natural attenuation by the year 2018 may reduce

risks and mitigate contamination,

5.1.1 Qualitative Risk Assessment

The QRA provides risk estimates for human health and for adverse ecological effects.
Human health risks, specifically ICR, for the high-priority sites were developed in the QRA
using two scenarios: frequent-use and occasional-use. The occasional-use risk values are
- used to evaluate the continued candidacy of high-priority sites for IRM. The qualitative risk
estimations presented in Table 5-3 are grouped into high (ICR > 1E-02), medium (ICR
> 1E-04 to 1E-02), low (ICR |E-06 to 1E-04), and very low (ICR < 1E-06) risk categories
based on results presented in Chapter 3 of the 100-FR-1 QRA (WHC 1993). Sites that pose
medium or high risks to human health under the occasional-use scenario are recommended to
continue as IRM candidates.

Environmental hazard quotient ratings are from the qualitative ecological risk
assessment that was performed in the QRA. Sites that have an EHQ rating > 1 for
radionuclides or nonradiological constituents, present potentially adverse ecological impact
and are recommended to continue as [RM candidates.

wn
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5.1.2 Conceptual Model

The conceptual model for the waste site includes sources of contamination, types of
contaminants, nature and extent of contamination in eacn affected media, known and
potential routes of migration, known or potential human and environmental receptors, and the
general understanding of the site structure/process. This information is included in Chapter 3
of the 100-FR-1 Work Plan (DOE-RL 1992a) and has been revised using data obtained
during the LFI. Table 5-1 presents sources of contamination, types of contaminants, nature
and extent of contamimation in each affected media, and the general understanding of the

- structure/process for each high-priority waste site. Figure 5-1 presents the known and
potential routes of migration, known or potential human and environmental receptors for the
operable unit. If the conceptual model of a site is incomplete, the site is recommended to
remain as an IRM candidate while the data needed to complete the model are collected.
After the data are available the site will be reevaluated for continued candidacy for an IRM.
The additional data may be obtained through limited field sampling.

5.1.3 Applicable or Relevant and Appropriate Requirements

The Washington State MTCA Method B concentrations are potential ARAR for soil
contamination, as discussed in Section 3.20 of this report and in the 100 Area Feasibility
Study, Phases 1 and 2 (DOE-RL 1992¢). Model Toxics Control Act Method B regulatory
limits for soil contaminant concentrations are utitized since they are the standard approach
and are conservative. Table 5-2 lists the Hanford Site background 95% UTL values for
metallic constituents in soils and MTCA Method B guidelines for soil. Sites that have
concentrations of contaminants which exceed this potential chemical-specific ARAR are
recommended to continue as IRM candidates.

5.1.4 Current Impact on Groundwater

The probability of current impact on groundwater is evaluated for each site by
comparing groundwater contaminant concentrations from monitoring wells located upgradient
and downgradient of each specific site, where weils are available. Concentrations of

__chromium and strontium-90 in upgradient and downgradient wells are compared.
Groundwater contaminant concentrations in a downgradient well that are higher than in an
upgradient well indicate current impact to groundwater. Sites that are impacting groundwater
are recommended to continue as [RM candidates.

5.1.5 Potential for Natural Attenuation

The potential for the contaminants at a site to be reduced by natural attenuation, i.e.,
radioactive decay by the year 2018, may be a consideration at sites where radionuclides with
half lives <30 years are the primary contaminants and external exposure is the only
pathway. Sites with excess risk attributed to radionuclides with half lives <30 years, i.e.,
cobalt-60, cesium-137, europium-152, and europium-154, have potential for natural reduction
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of risk through radioactive decay. Natural attenuation is not a consideration for sites
contaminated by metals, by radionuclides with halt-lives > 30 years, or where multiple
exposure pathways drive the risk.

5.2 HIGH-PRIORITY SITE IRM CANDIDATE RECOMMENDATIONS
The final selection of IRM sites, and priority of action are decisions left to the
Tri-Agreement signatories. Factors that the Tri-Party Agreement signatortes may consider in

the selection and prioritization of IRM sites include:

. impact of IRM actions in relation to the 100 Area Environmental Impact
Statement, e.g., disposition of the reactors

o "access control

. relation to the IRM program plan recommendations
. land use

. point of compliance

. time of compliance

o feasibility

. bias-for-action

. threat t¢ human health and the environment.

The high-priority sites recommended to continue as IRM candidates are identified in
the "IRM Candidate” column of the Table 3-3. The recommendations are discussed below.

5.2.1 116-F-1 Lewis Canal

The 116-F-1 lewis canal is recommended to continue as an IRM candidate because the
human health risk is medium, and the EHQ is > 1. No contaminants were found in the
116-F-1 investigation that exceeded MTCA Method B guidelines. This site’s impact on the
groundwater could not be determined due to the lack of an upgradient monitoring well,
however, low levels of chromium, and no detections of strontium-90 in the downgradient
well indicate that this site is probably not currently impacting the groundwater. Natural
attenuation by the year 2018, i.e., radioactive decay. may not mitigate risk posed by the
principle contaminants and associated exposure pathway.

Ln
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5.2.2 116-F-2 Basin Overflow Trench

The 116-F-2 basin overflow trench is recommended to continue as an IRM candidate
because the human health risk is medium, and the EHQ is > 1. No contaminants were found
in the 116-F-2 investigation that exceeded MTCA Method B guidelines. This site’s impact
on the groundwater could not be determined due to the lack of an upgradient monitoring
well. Natural attenuation by the year 2018, i.e., radioactive decay, may not mitigate risk
posed by the principle contaminants and associated exposure pathway. The EM bypass ditch
(described in Section 3.2) is an assoctated site that was not prioritized as a high-priority or
low-priority site. The 100-FR-1 QRA (WHC 1993) did, however, calculate 3 medium
human health risk for this site using the occasional-use scenario.

5.2.3 116-F-3 Fuel Storage Basin Trench

The 116-F-3 fue!l storage basin trench is recommended to continue as an IRM
candidate because the human health risk is medium, and the EHQ is > 1. No contaminants
were found in the 116-F-3 investigation that exceeded MTCA Method B guidelines. This
site’s impact on the groundwater could not be determined due to the lack of an upgradient
monitoring well. Natural attenuation by the year 2018, i.e., radioactive decay, may not
mitigate risk posed by the principle contaminants and associated exposure pathway.

5.2.4 116-F-4 Pluto Crib

The 116-F-4 pluto crib is not recommended to continue as an IRM candidate.
Contamination was removed as a part of the /00 Area Excavation Treatability Test Plan
(DOE-RL 1994¢). This site’s impact on the groundwater could not be determined due to the
lack of an upgradient monitoring well, however, low levels of chromium, and no detections
of strontium-90 in the downgradient well indicate that this site is probably not currently
impacting the groundwater.

5.2.5 116-F-6 Liquid Waste Disposal Trench

The 116-F-6 liquid waste disposal trench is recommended to continue as an IRM
candidate because the human health risk is medium, and the EHQ is > 1. No contaminants
- were -found in the 116-F-6 investigation that exceeded MTCA Method B guidelines. It does
not appear that this site is currently impacting groundwater because the chromium and
_ strontium-90 values in downgradient well 199-F-47 were not greater than the values found in
upgradient well 199-F-6. Natural attenuation by the year 2018, i.e., radioactive decay, may
not mitigate risk posed by the principle contaminants and associated exposure pathway,
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5.2.6 116-F-9 Animal Waste Leach Trench

The 116-F-9 animal waste leach trench is recommended to continue as an IRM
candidate because the EHQ is > 1. The human health risk for site 116-F-9 is low. No
contaminants were found to exceed MTCA Method B guidelines. It appears that site 116-F-9

~is-not currently impacting groundwater because -concentrations of-chromium and strontium-90

are considerably higher in the upgradient well than the values found in the downgradient
well. Natural attenuation by the year 2018, i.e., radioactive decay, may not mitigate risk
posed by the principle contaminants and associated exposure pathway.

5.2.7 116-F-14 Retention Basin

The 116-F-14 retention basin is recommended to continue as an IRM candidate
because the human health risk is medium, and the EHQ is > 1. No contaminants were found
in the 116-F-14 investigation that exceeded MTCA Method B guidelines. It appears that
116-F-14 site is currently impacting groundwater because the strontium-90 values in
downgradient well 199-F5-3 were considerably higher than the values found in upgradient
well 199-F5-46. Natural attenuation by the year 2018, i.e., radioactive decay, may not
mitigate risk posed by the principle contaminants and associated exposure pathway.

5.2.8 108-F French Drain

The 108-F french drain is recommended to continue as an IRM candidate because the

EHQ is > 1. The human health risk for the 108-F french drain is low. No contaminants

were foond to exceed MTCA Method B guidelines. it appears that this site is possibly
impacting groundwater because concentrations of strontium-90 are slightly higher in
downgradient well 199-F5-45 than the values found in upgradient well 199-F5-4, however,

- further investigation of groundwater contamination is needed to accurately determine the

current impact of this site to the groundwater. Natural attenuation by the year 2018, i.e.,
radioactive decay, may not mitigate risk posed by the principle contaminants and associated
exposure pathway.

5.2.9 116-F-5 Ball Washer Crib

The 116-F-5 ball washer crib is not recommended to continue as an IRM candidate.
The human health risk for this site is very low and the EHQ rating is < 1. Because this site
used historical data for its evaluation, no data were available for comparison to MTCA
Method B. No monitoring well is located in close enough proximity to this site TBC an
upgradient well, therefore, the impact to groundwater from this site could not be determined.
Natural attenuation by the year 2018, i.e.. radioactive decay, will reduce the risk posed by
the principle contaminants and associated exposure pathway.
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5.2.10 116-F-8 Outfall Structure

The 116-F-8 outfall structure is recommended to continue as an IRM candidate.
Because of the uncertainty regarding the concentrations of contaminants that this site
received, the conceptual model is incomplete. Limited field sampling is needed to resolve
the uncertainties. Once the data are available this site should be evaluated for continued
consideration as an IRM candidate.

5.2.11 116-F-10 Dummy Decontamination French Drain

The 116-F-10 dummy decontamination french drain is recommended to continue as an
. IRM candidate because the human health risk is medium, although cobalt-60 and
europium-152 are the major contributors to risk, both of which have potential for natural
attenuation by the year 2018. The external exposure pathway is the major contributor to
risk. No data were available in the O ft to 6 ft bls interval, therefore, no risk reduction from
the shielding effect of clean-fill soils could be estimated. The EHQ rating for this site is
<1. Because this site used historical data for its evaluation, no data were available for
~comparison-to MTCA Method B guidelines. It appears that 116-F-10 site is not currently
impacting groundwater because the strontium-90 values in upgradient well 199-F8-2 were
higher than the values found in downgradient weil 199-F5-47 and the chromium values were
similar between the upgradient and downgradient wells.

5.2.12 116-F-11 Cushion Corridor French Drain

--.. The 116-F-11 cushion corridor french drain is-not-recommended- to continue as an
IRM candidate. The human health risk is low and the EHQ rating for this site is < 1.
Because this site used historical data for its evaluation, no data were available for comparison
- -to- MTCA Method B guidelines... No.monitoring well-is lecated- in- close -enough-proximity to
_this site TBC an upgradient well, therefore. the impact on groundwater from this site could
not be determined. Natural attenuation by the year 2018, i.¢., radioactive decay, will reduce
the risk posed by the principle contamirants and associated exposure pathway.

5.2.13 116-F-12 French Drain

The 116-F-12 french drain is recommended to continue as an IRM candidate.
Because of the uncertainty regarding the contaminants and the concentrations of contaminants
that this site received, the conceptual model is incomplete. Limited field sampling is
recommended to resolve the uncertainties. Once the data are available, this site should be
evaluated for continued consideration as an IRM candidate.
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5.2.14 116-F-13 Experimental Garden French Drain

The 116-F-13 experimental garden french drain is recommended to continue as an
- IRM. candidate. - Because of the uncertainty regarding the contaminants and the
concentrations of contaminants that this site received, the conceptual model is incomplete.
Limited field sampling is recommended to resoive the uncertainties. Once the data are
available, this site should be evaluated for continued consideration as an IRM candidate.

§5.2.15 Process/Discharge Pipelines

The process/discharge pipelines are not recommended to continue as an IRM
candidate. The human health risk for this site is very low and the EHQ rating is < 1.
Because this site used historical data and analogous data for its evaluation, no data were
available for comparison to MTCA Method B. Because of the extensive nature of the
pipelines and their proximity to other waste sites, a groundwater assessment based upon
current monitoring wells is not possible. Natural attencation by the year 2018, i.e.,
radioactive decay, will reduce the risk posed by the principle contaminants and associated
exposure pathway.

5.2.16 UN-100-F-1

The UN-100-F-1 unplanned release site is recommended to continue as an IRM
candidate. Because of the uncertainty regarding the contaminants and the concentrations of
contaminants that this site received, the conceptual model is incomplete. Limited field
sampling is recommended to resolve the uncertainties. Once the data are available, this site
should be evaluated for continued consideration as an IRM candidate.

5.2.17 132-F-6 Lift Station Demolition Site

The 132-F-6 lift station demolition site is recommended to continue as an IRM
candidate. Because of the uncertainty regarding the contaminants and the concentrations of
- -contaminants-that - this site received, the conceptual mode! is incomplete. Limited field
sampling is recommended to resolve the uncertainties. Once the data are available, this site
--shouid be evaluated for continued consideration as an [RM candidate.

5.2.18 PNL Qutfall Structure

The PNL outfall structure is recommended to continue as an IRM candidate. Because
of the uncertainty regarding the contaminants and the concentrations of contaminants that this
site received, the conceptual model is incomplete. Limited field sampling is recommended to
resolve the uncertainties. Once the data are available. this site should be evaluated for
continued consideration as an IRM candidate.
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'5.2.19 Nonprioritized Sites

The basin leak ditch (described in Section 3.7) and the EM bypass ditch (described in
Section 3.2} are associated sites that were not prioritized. The 100-FR-1 QRA (WHC 1993)
did, however, calculate a medium human health risk for these site’s using the occasional-use
scenario. Only sites listed in the 100-FR-1 Work Plan (DOE-RL 1992a) as being
high-priority, were addressed by the LFI. The risks associated with these sites indicate that
they should be placed on the IRM pathway, pending collection of confirmatory data.
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Site

Structure/Process

Contaminant Source
| '

Contaminants of
Potential Confern

Nature and Extent
of Contamination

\
116-F-1 Lewis Canal

Effluent disposal
drainage trench,
unlined - 914m x 12m
x 3m deep |

Received liquid wastes
from F Reactor, 190-F
buildings and
decontamination
wastes from 189-F
buildings. Also
received 100 kg -
sodium dichromate
and 10,000 of sulfamic
acid

Methylene chlorlide,
toluene, acetone,
bis(2-
ethylhexyl)phthalate,
As, Pb, Zn, C-14, K-
40, Sr-90, Ra-226,
Th-228, Th-232, U-
233/234, U-238, Pu-
239/240

Soil contamination
at least 20 ft

116-1-2 Basin
Overllow Trench

Effluent overflow
trench, unlined - Y41m x
15m x 4.5m

Received reactor
cooling water from the
retention basin during
reactor outages. Also
received 600 kg of
sodium dichromate

Ba, Cd, Cr, Zn, C-14,
K-40, Co-58, Co-60,
Sr-90, Cs-137, Eu-
152, Eu-154, Eu-155,
Ra-226, Th-228, Th-
232, U-233/234, U-
238, Pu-238, Pu-
239/240, Am-241

Soil contamination
at least 32 ft

116-F-3 Fuel Storage
Basin Trench

Effluent disposal
trench, unlined - 30m x
6m x 2.4m

Received reactor
effluent during fuel
classing failure, and
sludge from fuel
storage basin, also
received 4 kg of
sodium dichromate

Toluene,
fluoranthene, pyrene,
toxaphene, aroclor-
1254, Ba, Pb, Cr, Hp,
Zn, K-40, Co-60, Cs-
137, Eu-152, Eu-154,
Ra-226, Th-228, Th-
232, U-233/234, U-
238, Pu-238, Pu-
239/240, Am-241

Soil contamination
to 12 ft
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Site

Structure /Process

. Contaminant Source

Contaminafts of
Potq ntial CL+ ncern

Nature and Extent
of Contamination

116-F-4 Pluto Crib
\

Effluent disposal crib
3m x 3m x 3m

Received liquid
effluent from the 105 F
Reactor during outages
due to fuel ruptures.
Received .004 kg of
sodium dichromate

Methylene chloride,
acetone, toluene, 2-
butanone, di-n-
butylphthalate, bis(2-
ethylhexyl)phthalate,
di-n-octylphthalate,
K-40, Sr-90, Cs-137,
Eu-152, Eu-154, Eu-
155, Ra-226, Th-228,
Th-232, 1-233 /234,
U-235, U:238, Pu-
238, Pu-239/240, Am-
241 o

Soil contamination
to at least 28.6 ft

116-F-6 Liquid Waste
Disposal Trench

Effluent Disposal
Trench, unlined - Y0m
x 30m x 3m

Received cooling water
while maintenance
were performed on the
effluent. Received 300
kg of sulfamic acid

Methylene chloride,
acetone, toluene,
benzene, di-n-
butylphthalate, bis(2-
ethylhexyl)phthalate,
K-40, Co-60, $r-90,
Cs-137, Bu-152, Eu-
154, Ra-226, Th-228,
Th-232, U-233/234,
U-238, Pu-238, Pu-

239/240, Am-241

Stf)il contamination
to 21 ft
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Site

‘Structure /Process

Contaminant Source

Contam_inants of
Potential Concern

Nature and Extent
of Contamination

116-F-9 PNIL. Animal
Waste leach Trench

Waste water disposal
trench, "Y" shaped
trench with the long
leg 120m x Sm x 3m,
and the short leg 30m
X 5m x 3m

Received waste water
from the cleaning of
animal pens in the
experimental animal
farm

Methylene chloride,
acetone, tJ)luene, 2-
butanone, 4-methyl-2-
pentanone, bis(2-
ethylhexyl)phthalate,
alpha-chlo'Erdane,
gamma-chlordane, K-
40, Sr-90, Cs-137, Ra-
226, Th-228, Th-232,
U-233/234, U-238

Soil contamination
te 25 ft

1i6-FF-14 Retention
Basin

Retention basin
reinforced - 137m x
70m x 7.3m

Held cooling water
effluent from F
Reactor for
cooling/delay before
release to the _
Columbia River, large
leaks of effluent to the
soil

Methylene chloride,
acetone, toluene,
chlorofnrn'1, 2-
butanone, 4-methyl-2-
pentanone, di-n-
butylphthalate, bis(2-
ethylhexyl)phthalate,
diethylphtp]alate, C-
14, Co-60, Sr-90, Cs-
137, Eu-152, Eu-154,
Eu-155, Ra-226, Th-
228, Th-232, U-
233/234, U-238, Pu-
238, Pu-239/240, Am-
241

Soil contamination
to 25 ft
Groundwater
contamination
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Structure /Process

Contaminant Source

Contaminants of
Potential Concern

Nature and Extent
of Contamination

108-F French Drain

Biology building french

drain

Received condensate
from laboratory hoods
in the 108-F Biology
building

I
Toluene, bis(2-
ethylhexyl)phthalate,
aroclor-1254, aroclor-
1260, Cr, Cu, Pb, Zn,
K-40, Cs-137, Eu-152,
Ra-226, Th-228, Th-
232, U-233/234, U-
238, Pu-238, Pu-
239/240, Am-241

Soil contamination
to at ieast 4.5 ft
possible
groundwater
contamination

P1-LS

PI6-1-5 Ball Washer
Crib

Liquid waste crib,
unlined - 3m x 3m x
3m

Receive liquid waste
containing nitric acid
derived from the
decontamination of
boran stell balls.

From historical data;
Cs-137, Eu-lScﬂ

low levels of soil
contamination
based solely on
historical data

116-F-8 Outfall Process effluent outfall | Received effluent from | Analogous data from | Nature and vertical
Structure structure 8m x 4m x the 116-F-14 Retention | process/discharge extent of
8m Basin pipelines Co-60, Cs- | contamination is
137, Eu-152, U-238 unknown

116-F-10 Dummy
Decontamination
French Drain

Liquid waste french

drain 1m diameter, 3m

deep

Received radioactive
water rinses and spent
nitric acid from the
decontamination of
fuel element spacers.
Received 2000 kg of
sodium dichromate,
2000 kg of sodium
oxalate, 2000 kg of
sodium sulfamate

Based solely on
historical data: Co-
60, Cs-134, Cs-137,
Eu-152, Eu-154, Eu-
155, U-238

Soil contamination
to 20 ft based on
historical data
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Site

Structure /Process

Contaminant Source
1

Contaminants of
Potential Concern

Nature and Extent

. 4
of Contamination

116-F-11 Cushion
Corridor French
Dirain

Liquid waste french
drain 1m diameter, Im
deep

Received cushion
corridor contamination
wastes

Based solely upon
historical data from
borehole 30 m away
from 116-F-11: Co-
60, Cs-137, Eu-152,
Eu-154

Soil contamination
based on historical
data.

116-1-12 French
Diramn

Liquid waste french
drain Im diameter x
2m deep

Received liquid pump
prime from the lifi
station

Not sampled.
Contaminants are
likely similar to those
found in the [16-F-14
Retenuon Basin.

|
Nature and vertical
extent of
contamination is
unknown.

Lo-E-13
Expernental Garden
French Drain

Liquid waste french
drain, Im diameter x
Im deep

Received effluent from
radio-botany

experiments conducted
in the 1705-F facilities

Unknown

Nature and vertical
extend of
contamination is
unknown. No
impact to
groundwater is
being observed.

Process/Discharge
Pipelines

Pipe diameter 152¢m,
both above and below
ground sections

Transferred cooling
water from the F
Reactor to the 116-F-
14 Retention Basin

Historical data: Co-
60, Cs-137, Eu-152,
U-238

Extensive history of
leakage suggests
soil and
groundwater
contamination

(9 Jo ¢ I3ed)

UONRUTIIEIWOY) JO JUAXF pUE AINJEN PUE ‘SJUBUIUIEINO)) JO 3dAJ, pue dineg
‘$59004 /3IMIDNLIS  :SNG ANrotId-YSIH 1-UA-001 JO PPO [emydaduo) J-§ 2qEL

Vv ueid
78-£6-14/404



31-1§

Site

Structure /Process

Contaminant Source

Contaminants of
Potential Concern

Nature and Extent
of Contamination

UN-100-F- 1|
I

Unplanned relase

141-C Hog Barn

| process sewer line

overflowed into surface
adjacent to building

Not sampled,
contaminants are
likely similar to those
found in the 116-F-9
Animal Waste Leach
trench

Nature and vertical
extent of
contamination is
uknown

132-F-6 Lift Station
Demolition Site

Waste water pump
station

Pumped reactor waste
water from reactor
building drains and
sumps to effluent line

Not sampled,
suspected
contaminants include:
H-3, C-14, Co-60, Sr-
90, Cs-137, Eu-152,
Eu-154, and
decontamination
chemicals such as:
sodium fluoride,
oxalic acid, nitric acid

Nature and vertical
extent of
contamination is
uknown

PNL Outfall
Structure

Outfalt structure
spillway measured 30m
long x 3m wide

Received liquid waste
from animal pens and
coeling water used at
the 116-F- Aquatic
Biology laboratory

Not sampled,
contaminants are
likely similar to those
found at the 116-F-9
Animal Waste Leach
Trench

Nature and vertical
extent of
contamination is
unknown.
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Table 5-2 Hanford Site Background 95% Upper Threshold Limits and Model
Toxics Control Act Method B Guidelines for Inorganic Analytes

Analyte* 95% UTL"(mg/kg) MTCA Method B° (mg/kg)
Alkalinity 23,300 N/L
Ammonia 28.2 N/L
Antimony 157 32
Arsenic 8.92 24 (.59)°
Barium 171 5,600
Beryllium 1.77 400 (0.23)
Cadmium (.66 40
Chloride 763 N/L
Chromium 279 400
Cobalt 19.6 N/L
Copper 28.2 3,200
Fluoride 12 4,800
Lead 14,75 U
Lithium 37.1 N/L
Manganese 612 M0
Mercury 1.25 24
Molybdenum 1 400
Nickel 253 1,600
Nitrate 194 130,000
Nitrite 2 8,000
Ortho-phosphate 10 N/L
Selenium 3 400
Silicon 192 N/L
Silver 2.7 400
Sulfate 1,320 N/L
Thallium 3 56 - 728
Titanium 3,370 N/L
Vanadium 111 560
Zinc 5 24,000
Zirconium 57.3 N/L

Source: DOE-RL 19934

NL = Not listed in MTCA Human Health Risk Bused Method B Formuly-Values table for soil

U = Unavailable

* Analytes essentially non-toxic in soil are not listed (DOE-RL t993h). These include aluminum,
calcium, iron, magnesium, potassium, sodium.

* 95% conlfidence limit of the Y5th pereentile of the data distribution

* Non-carainogen nisk-based concentration, no carcinogen risk except as shown in parenthesis

UL

4 Limit of detection

Carcinogen risk-based concentraton in pareathesos
Hexavalent chromium

¢ Rangc of risk-based concentrations tor thallium compounds
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Waste Sits _ Qualitative Risk " Conceptual Exceads Possible Potential for IRM

Estimation © Model ARAR Current Natural Candidate
Occasional-Use EHG > 1 : Impact on Attenuation yesino
. | Scenatio Groundwater by 2018
116-F-1  Lewis Canal | Adeguate No Unknown No Yes
1l$‘F‘2 Basin Overfiow Trench Adequate No Unknown No Yes
11@5—F—3 Fuel Storage Basin Trench VIe © Adequate No Unknown No Yes
116-F-4  Pluto Crib ** ' Mtjedium" Yes** ' Adequate NA Unknown NA No **
116-F-6  Liguid Waste Disposal Trench ' Adequate No No No Yes
116-F-9  PNL Animal Waste Leach Trench ' Adequate No No No Yes
116-F-14 Retention Basin Adequate No No Yes
108-F French Drain ! : Adequate No No Yes
116-F-5 Ball Washer Crib Very Low ~ No ' Adequate Unknown No Yes No
116-F-8  Quttall Structure Medium* { Unknown™ Unknown™ Unknown* Yes*
116-F-10 Dummy Decortamination French ’ No | Adequate Unknown No Yes Yes
Drain i

116-F-11 Cushion Corridor French Drain Low No Adequate Unknown Unknown Yes No
116-F-12 French Drain Megium™ - . Unknown™ No Unknown™® Yes*
116-F-13 Expesrimental Garden French Drain Medium* - Unknown ™ No Unknown* Yes*
Pracess/Discharge Pipelines Very Low No Adequate Unknown Unknown Yes No
UN-100-F-1 Low™ - Unknown* No Unknown* Yes*
132-F-6 Lift Station Demolition Site Very Low* - Unknown™ Unknown* Unknown* Yes*
PNL Qutfali Structure ' Low* - Unknown™ Unknown* Unknown* Yes*

=

= Not sampled, conceptual model is considered incomplete, risk is based upon analogous information

bl = Qualitative risk reduced/removed by removal of cortaminated material as part of the 100 Area Excavation Treatability Test {DOE-RL 1994b)
(Qualitative Risk Estimation based upon LFI Borehole Data prior to Treatability Excavation)

-- = Not rated by the qualitative ecological risk assessment

ARAR = Applicable or Relevant and Appropriate Regulation, specifically the Washington state Model Toxics Contiol Act Method B concentration values for soils

{DOE-RL 19923}
EHQ = Environmental Hazard Quotient calculated by the qualitative ecological risk assessment (WHC 1993)
NA = Not Appiicabie

Shaded areas indicate driving factors keeping site as IFM candidate
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Bav.* Concenrations {pCi/gl
Semple
Ntmhcr lﬂp x -, IH P“‘ Rl -, Ha, ™ 137, ‘.EII
(] s 7 'Sr Scosler cim Eu 'Co Eu Cs Ca v
A 5 401.24 * . - <200/10 " - " . 1.1x10° -
10 . 1.5x10" 8.6x107 | 6.1x10° <200/10 " * . " . . 1.1x10"
15 . . 9.3x130" <2000 . . W 1.4x10 - .
B 5 401.2 * . 110! . <2005 * wio? * - . *
14 - - 2.4410" 2.6x10" «200/20 1x10" 31107 W - 1.9x102 - 1.1x10°
15 - . 9.3x10! <200/10 = - . - 5.5x10 "
C 5 399.56 . - 1.5x10° | <200 - 4.6x10? o - . .
10 * - 1.3x10° <200 " * - 1.0x10* - *
18 * - " <200 7.1x10° * * . 45107 -
] 5 391.38 . . B.4n0¢ 1. <200 6.3x10" 10! 1.3x10" 1.3x10* 9.5x107 -
10 . - 5. 7x10" <200 . . . . " -
£ 212 391.2 * - 2.0 | <200/20 B.4x10% ' " 1.7x10* 1.3x10" *
712 - - 6.3410" 4.6x10? <200/30 2.7x10¢ | s.7xt0" A 1x10" * 4.9x10" * 1.4x10°
F 5 3499 - - 56510 . <200/20 2.3x10" 1.8x10° 9.4x107 M 1.4x107 . 5.4x10?
30 . - 1.5x10¢ . «200/10 . " - - - .
0 3 389.53 * 5.3x10" J 8«10 7.7x10° 500 1108 2. 10" 310 . 2.2x10° 9.1x10* 1.6xt03’
bl " 9.9x10"' 2.9x10° 8x10" <200/20 B.8x10° 1.3x107 - . 3.710? - 1310
iy " * T.9x10 . <200/15 - . * k10 9.3x10°?
H 5 38805 " * - <200/10 119 1.7x102 * - . -
10 " . 8.6x10 7 9.2x10° <200/20 * - - * o 1.1x107 8.3x107
15 . .. 4axt0’ |, <200/10 - . - . " 1.8x107
1 3 349.05 - . 7.9x10¢ . <200/20 3.4x10" 1. 110! - - 1.2x10! .
10 . . 46x10° <200/10 . * * * » 2.5x10?
Jdo2y2 365.91 . - 2.1x10" <200/25 - 9.5x10? * 1.3x10* * »
5 * - 3.4x10¢ <200/10 7.1x10? B6.7x107 t.2x30" * 6.0x107 .
10 . - . . <300/10 . . " . - "
15 - . 1.4x10% [ 1.9x10°" <200/10 . . . . . . 2.0x10"
K Ll 389.8 . 5.0x10" 34x10' | 1ex10? <200/40 3.3x10° 8.6x10" 9.2x10" . 9510 2.5x10? 1.7x10"
15 - * - <200/Bkg . . * " B. 110+ 1.0x10?
L 10 3801 - - 21107 ' 2.3x10° <200/10 2.4x10" 280 6.3x10% * B8.1x10? " 1.6x10"
M 15 389 . . 1.9x301 <200/Bkg * * * * . .
N 2172 389.83 * » 2.4x10" <200/10 1.6x10" 6.8x107 * 2.3x10* " 1.3x102
7172 * . 2.1:10°" 6.9x10" <200110 4x10° 9.8x10? . . 3.0x10" 8.2x10? 2.4x10°"

*Below analytical detection limit  Blank indicates nat tested for or data unavallable
* - Isctope not decayed, no significant change due to large isotope half-life.

* - Elevatlon In feet above sca level for surface of borehole.

Source: Adapted fram Dorian and Richards 1978 (decayed to January 1993).
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Concentration (pCl/g)

Samph: Elev " .
Nuruber Duepth Material Py PRaop, war ™ P-11 gy *Co “Eu '*Cs s "*Eu ue BN
scaler
AN 0 F . . 562107 1.0x10° | 780107 | 2axo® . 1.6x10" | 1.6x107
15 s . 126160 | 1.2:000 38x10° et | vea0t | zea0 | 1ua00 | oesae | 1exa0 | seamn!
BN 3 F e . -2 310" 6.3x10' | 7.2107 | 1.4x10° | 1.3x10* § S4xi0? } s0x10°
45 s . 9010’ | 17xi0 | 9man 23100 | 10 | s6xio | tox10? | 2800 o amaee 1 2ex<0
(N ) £ - 23x10" | saxw 18410° {1 31107 | 18x10° . 666107 | 1.5¢107
4 3 96x10" | as00 3 40 39x10* | 1607 | 4o | soxior | aeaor | 1sae | raao
N 3 F - . 33x10¢ 360100 | 240 | 60x10° | 1.510* | 56x107 | BSx10°
vy 5 . 125100 | Sex10 1.6x10* 210 | 1600 | 97ao | 4300 | 1waor | s | st | 3 4o
A 1 F . 1.9x10" 2.1x10" 1.0x10' 1.3x10° 1.9x10° - 1.2x10° 1.6x107
i85 5 50000 | w0 | 73000 | smaee 3210 | g4 | 13000 | texnt | 4oxi0r T osmaot | 1nao 1.3x10°
4 5 3410 | a0 2 8x10° 24x10° | a8x10' | 264100 | 14x10° | 34x107 | 26x10°
I 15 F . . 93107 1200 | S0t | 3ta0 ) 1100 | asaor | o .
4 s sacta’ | 240 | 66x10° 1.4x10° sox10t | 2.7x10' | 1ax0® | saw0? | zsao 7.0x10'
2 G F . 1.5x10° | 1.9x30" 3500 | 4dxiee | 66x10° J 130 | zaaee | 48002
4 S . 15:90° | 25x0° | 3.3x100 5.5000 | 21100 | 140 . 1ax10t | saioe | 500
5 41303 0 F . . 7.3x10° <200750 2.0x10" 30100 | asx10* | 12007 | 2100 | 3100
2 F . - 1.1x10" . <200/40 1.3x10" 1aa0° | 220" | 4.000* | 16x10° . 1.5410"
4 F . . 1110 <200/40 aax10e | 1300 | 1.7x100 . 7.4x10° .
45 F . a0t | saxin 1.3 x10° 1,000 5.9x10" | 57x10° | 24x10' | 90x10° | 34x10® | 39x0° | sex10?
5 5 5410 | 18a0 | 2eaee 15,000 240000 | 20300 ] 890 | 53x10' | 12000 | s4x0 | 9axwn? | 1sxne
75 N . a5« | 230" | g 800 2000 | 410" § 50«00 | 23a0° | 1300 1.0000° | 35x0°
15 N . . 7.9<10 <200/70 1ae | 7o - . 6.8x10° .
2.5x10"
T 415,63 0 F . . 1.8x10° <200/40 1.6x10" 180100 { 3100 | o2ea0c | 28x10° | 4.4x07
3 F . 1 | 1w . <200 1.6x10" 12400 | 3.9x0° " 13000 | 49x107 | 7.6x10°
5 F . . 23107 <200/30 Taa00 | 9ox10' | 1400 . 1.7410° .
4.9 F . . 7.3x10°7 - <200/30 4.600° | 43x10° | 8410’ | s3«0¢ | 1000 | saaer | sscior
6 5 . 1100 | zoxaoer | 2600 600 10300 | 126100 | 3o o oraior | zaxiet | a2 | 1sewe
c1 N . 28x10° | 15000 400 76a10' 1 320 | 1.ea0 . 59x10° | 1.2x10°
LY N . 360" | 12 | raaor § o<2000100 | 2o 13300 | s2x10° | 18xt0? | vox0r | 16«10 | 15«10
20 N . . 7.3x107 <200720 5.9x10° | asx10' | 1ox10' § 28xi0¢ | 7.4xi0* .

(7 Jo 1 33ed) uiseg uonudRy pI1-4-911
a1 1B [10S IIBJINSANS UI SJUINISUO ) PIFNUOIPTY
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9-v

Concentraticn (pCifg)

Sample Eley ®
Number Depth Material py R =T i *H P11 VHEY Laole) WYEY HCs Rl o EY U oI~
u 414.10 4] F . . . <200/30 5 5x10° 5.5x10° 7.0 1.0x10° 2.8x10° 8.8x10" 2.0x107
2 F - - 99x10° . <200 1.7x10° 1.7x10¢ 2.4:10° 4.5x10" * 1.9x10" . 1210
4 F . - 3000 <200/Bkg 9.7x10" 9.7x10° 1310 7.1x10? 2.1x104 1.5x10° 2.9x10%
4.5 F . 32x10° 1.5x10" - <200/10 2.6x10° 2.6x10° EN:Raloy 7.6x10" 8.9x10* 2.9x10" 5.2x10% 8.5x107°
95 S - 3100 8.6x10" 141307 800 1.310" 1.3x10* 8,310 3. 110! . 2.7x1a° 1.9x10° 7.7x190!
75 N . 1.7x10" 3.2x10° 180 2.5x10° 2.5x10° 1.2x10° 2.3x107 * 1.2x10' .
10 N . 3.0x10° 1.8x30¢ 6.1x10" 1,000 1.5x10° 1.5x107 1710 2.9x10" . 1.6x10° 3.8¢10" 4.2¢10"
15 N . ' 7.9x10" <200/20 34210 3.4x10° 2.2x107 5.8x107 . 1.5x10° .

*Below analytical detection hnt.

Blank indicates nut tested for or gata unavailable
* - Isotope activity not decayed, no significant change has accur ed due to large isctope half-life.
* - Elevatian in teet abuve ses level for surface ot borenole

F - Fill,

S - Sludge.

N - Native soil benvath basin.
Source: Adapted trom Danan and Fichards 1978 (decayed 10 January 1993).
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L-v

+ Concentratons (pCiig)
Sample Hev "
Number l!Pu Tran » 0, » ’-‘ ! ey .uc ‘ e Ich ’ ”Pc . ‘HE llc
Pul &t | Scaler c/m Eu o Eu 1] ] i} v
; f
E 5 412,55 " 1.2x10° 5.8x10° 2.2x10° 3,000 31107 5.2x10" 7.6x10" * 3.5x10° LRSI 3.9x70" =
. ! T
F 0 412.36 " 2.8x10" 6x10" 1.000 2.6x10" 1.1x10 6.6x10° . ©2IXI0° 9.2x107 1.1x10" *
I 35 41403 . - 1.5x10° . <200/20 6.3:(:10 : . ' " * . 4.7x10? 350107 1 m
22-1/3 “ . 9.3x10" 200 1.7010 4.9x10° 3.4x10° . 1.6x10" "1.4x10" ' &
25 - 2110 3.2x10¢° 1.4x10° 700 7. 1107 1.4x10" 1.6x10" - 1.8x10° 5.0x10° 1.2x10" . =¥
30 4.5x10° . 1.9x10° : <200/20 5.5x10° 3.4x10° 5.2x10" . 9.5x10" 2.3x10? E‘
: =]
J 25 415.03 . . 3.6x10° 2.6x10" <200/80 3.9x10° 3.1x10° 7.8x10" - ¢ 4.0x10° 12107 1.4x10° * c
30 . . 1.1x10° : <200/40 5.9x10° 2400 | 10x10° . 3.0x10° _4.1x10? : c
=1
K i) 403,29 " b 2.5x10" G Taill’ <200/60 1. 110 1.6x10° 2.0x10° - 8.1x10° 6.6x10? 5.5x1G" . %
b} . * 2.2xa0° <200/10 1.1x10° 3.5x10° 7.3x101 . 1.4x10° " n
15 " " 2.5x10° <200/10 2.0x10" . . * . 1.5x0° 2.0x10? m o :
' &5 =
L u EARINYS " 4.7x10"' 8 6x10° 24T 20,000 1.8x10° 4.1x10' 3.7%107 - 6.0x30" 1.5x10" 9.7x10* * 1] ﬂ '
1:2 . 1.9x10° 2.5x10 800 262107 6.0x10" 4.7x107 * 1.0x10? 4.5%10" E - !
il =4
V] 0 4.7 " * 11x10° sy <200/25 1.5x10° 1.2x10° 1.4x10" 2.2¢<10* 2.6x10" 4.0x107 4.6x10° * g g !
10 * . 1.6x10° <200/15 * b . - B.0x10" " g tj
o - . 11x10¢ 200,20 . . . . 2.0x10° . = O
2 oo Q
_ : g o
H [} 414,349 - - 9.3x10° . <200/15 2.7x10° 3 x10? * * 1.6x10"' - 5' E‘, riw]
5 . . B.6x10° <200/20 . . . . 4.9x10* . - A
v |
v a $Hiz - - 4.1x10° - < 200720 2.9x10° 1.8x10" 3.9x10° 1.8x10* 3110 1.4x102 3.0x10" - 2 g > tg“'—%
10 - . 17x10° <200/10 . - . - . . = E :
2o
W 0 41558 - 1.1x30° 2.6x10° 1,000 1.4x10¢ 2.0x10" lx10t 2.4x10° 4. 6x10° 1.4x10° - 2
1232 . 2.1x10° 2.0:10¢ 4.dx 10 1,500 5.0x10? 4.0x10' 9.0 - 6.1:10° 2.5x10° 5.2x10° . 2 [s]
9}
X 10 414.79 = 1.2x10° 7.9x1D0° 4.6x10 800G Z2.6x10% 6.4x10° 370 . 6.8x10° 4.7x10° 3.5x10" . 2 o
20 " 1.4x10" 4.4x10" <200/20 6.3x10" 1.9x10? a.9x107 1.49x10* 2.9x10° * P
==}
=
Y 25 427.09 " 3.8x10" 1.4x10° " <200/20 4.2x10° 3.5x10" 7.1x10" - 3.0x10° 5.6x107 1.3x10" . -
—
z 10 414.43 . - - 1.6:010° <200 1.1x10" 6.2x10° . . * - 110" g
20 - - 1.4x10" <200 7.6x107 7.7x10° . 2.5¢10° 1.2x10° . —
P
AA 5 * 2.1x19" 1.3x10" <200 T.6x10° 1.5a07 . 1.5x10* 1.2x10° 1.1x10* ?’\
10 " . 1.240° - <200/15 6.3x10" 1.2x1017 2,470 . 14x10" 2.3x107 1.9x10° ry
15 " . 1.9x10-1 <200 . - . . 4.7x10" 9.2x10° '_'_.
E =N
*Below analylical detection limit.
Blank indicates not tested for or data unavailable.
* - BElevation in feet above sea level for surface of borehale.
* - Isotope activily not decayed, no significant change has occured due to lar ge isotope hali-life.
Source: Darian and Richards 1978 (decayed to Januvary 1853).
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6-v

Concantration {pCiigl

Sample Elewv.” Depth
Location i ey Prpy® “&r il ™ Eu *Co "™Ey ey "j'Cl ™Eu v “e
A 408,15 0 . . 5,260 1.8E00 2.0E00 4,7€E00 . Z.EiEDO 1.2E+00 8.8E-02 »
8 - . 2890 9.TEDD - 1.0E00 1.5E00 . 1.éE00 7.2E-02
20 . - 12600 8.4EM 8.0E-01 1.2E00 . 1.6E00 2.1E-1
<] 403.75 10 . . 7.3E-03 - 6.3E-01 4.1E-02 3.4E-02 . 9.5:5-02 2.1e02 8.8E-02 .
20 - . 14€E-01 4.2E-01 6.1E-02 21E-0 . I,éiEOO 1,802
[ 404 38 15 . 2.4E-0 8.6E 01 1.1E+02 7.8£00 1.9E+01 ] 1.6‘E+01 2.8E00
20 ] J4E 01 1.3E00 2.5E00 2.0E+02 8.8E00 4.2E+01 . 4.0F+01 2.4E00 1.9E-01 .
25 . 1E6E-01 9.9€-01 TAE+O1 7.2E00 1.1E+N L3 5.8E£00 4.7E-01
30 . . 34eM 1.8E00 2.BE-02 1.8E-01 . 6,4‘E‘01 1.3E-02
o 408 88 10 . . 2.28-01 5.4E00 S.8E+0Y 4.5e-0 5.8E+00 . 34E-0 1L5E-0N 2.6€-01 .
20 6.4E-02 4 5E-01 & 8E-03 7.6E-02 4.2E-02

*Below analytical detection timit.

Blanks indicate not tested for or data unavailable.
* - Elevation in feet abcve sea level for surface of borehole.
* - Isotope activity no decayed, no significant change has occured due to large isolope half-hfe.
Souwrce: Adapted from Dorian 8 Richards 1978 {decayed 1o January 1993).
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I1-v

Concantrations (pCiigl
Bample Elev * Depth
Locations [{31] Lo P-11 !
: =py mIp b 7] H Scaler cfm WEy “Co “Ey ™ee Wige ™Eu v “c
EM Bypass Ditch x
EE 410.58 ] * * 5.4x107? ) <200/15 * 4.5x10° - 1.1x10* 2.0x107 2.0x107 g_
10 * " 2.5x10" <200/10 8.4x10* * . * . 1.0x107 5'
20 * . 2.4x10? A8x107 <200/30 1.8x10° 1.7x107 . . . * 1.6x10" =
: =
FF | 41009 5 . - - <200/10 . . . . . . 3
15 . . . ) <200/10 . . . “ - . a
(1]
GG ' 490003 5 * . 1.7x10! <200/20 2.0x10° 1.4x10" 3.pao! 1.9x10* 1.8x10° 710 -~ O
T2 N . 9.3x10°* 332107, 200 2310 6.1x10° 9.7x10° 7310+ 3.3x10° 4.2:10" 1.7x10! fon o
10 . . 1110 <200/20 . 4.9x10° - . . 1.0x102 (=T
o 4
G 40861 4 . 5.5E-01 31.6x10° 1.000 1x10¢ 2000 3.7x10' . 2710 1.3x10° o o=
10 . 2 6E-01 1.7x10° 2000 1.000 1.5x10¢ 5.5x10° 3.4x10° . 1.8x10* 2.5x10° 14x10° . n e
12.50 . . S5.0xi0° . 200 1.3:10° 1.0x10° 3. tki0° . 3.8x10° 2.0 - g
15 . - 3.5x10)° <200/10 6.7x10" 4.0x10° 1.4%10" . 4.5%10" 1.4x10°* =
(1)
H 40662 15 - - 200100 | e <200/40 8.8x10° | 6.8x10' [ 1.5¢10° . 14x10° | 2.5x10' | 5.7x107 . B o o
' 20 . * 2.6x10" . «200/20 4.6x10° 9.2x10" 7.3x10" . 6.2x10" 1.5x10": -~ w o
Busin Lask Diich - o ~ —
| ‘ Sg g &
cC Iy 1 - - 5.Ux10’ 200 1.9<10" 3 8x10° 3 9x10° 8.2}10* 3.5x10° 1Ix10" . - =1 g [I_d
i H.5 L] 1.5x107 B.6x10" 3540 200 5.5x10" 1.0x10' 1.2x10" 2.9x10* 1.0x10" 6.2x10" 1.7x10° - I :‘35 } j\
15 . . 6.3x10¢ <200110 . 7.5x10° » . . . = A P
[T o= H
Do | 3g2m 5 . . 1.7x10" 2.1x10° <200/30 4.2x10° 7.2x10" 7.3x10" . 8.1x10" . 1.9x10" Z N (S
12.9 . . 7.3x107 <200/10 . 5.1x10° » . . . o 9_ Zﬁ;
” L) o ow
BNW-1 2.5 . 6.1x10 " 2.9x10° 1,000 1.3x10¢ 2.6x10' 2,310 6.9x10° 2.8x10° 1.8x10° = 5' T:::"%j
: - £
BB . 391.34 15 . - 2.7x10" 2.9x10° <200/10 4.0x10° 26x10* 6.6x107 1.2x10* 1.8x10° 3.0x107 1.4x10" -E' '-:-' i
: ® o e
Effluent Pipelines ‘ g: my 3
g =
M 402.87 5 " . 7.9x107 " <200/10 7.ax10? . . * * . 1.2x10" . v
==
N 38810 5 . - 6.4x107 <200/20 " . - . . . . :é
0 | 406.18 5 . . 1.5x10" . <200/30 7.4x10° | 7.8x10° . . . . 5.5x10° . 2
10 . . 426107 <200/10 . 5.0x107 . . * . w
20 ’ 2.0x10°? <200/10 - - - - 1.8x10? " )
P 403.07 ] M - 1.7 <200/20 - . " - . 1.5 3.8x10" * e
15 . - 7.30107 4. 2310 <200/20 - - . - 2.4x107 . =
20 " . 1.3x102 <200 - . " . - "
*Below analytical detection limit,
Biank indicates not tested for or data unavailable.
* - Elevation in feet above sea level for surface of borehole.
isotope activity not decayed, isotope half-ife large enough no significant change in activity has occured
Source: Adapted from Dorlan and Richards 1978 (decayed to January 1993).
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eIV

Elev.”

Concentrations (pCi/g)

Sample Depth
Location M Bipy | Ppy "Sr i 1] “Co “Eu YICs Eu
A 408.15 5 * * * * * *
10 * * * * *
15 * 22E-01 | 7.3E+01 * * * * *
17.5 2.3E01 | 1.6E-01 * 5.3E-01 *
20 3.3E00 1.3E00 * 2.0E00 *
22.5 * 2.1E01 | 6.2E+01 | 1.1E+01 | 2.9E00 { 1.8E00 | 1.9E00 | 8.0E-02
25 1.3E+01 | 2.0E00 | 1.9E0Q | 2.2E00 *
27 * 5.5E-02 | 1.9E+0i 1.0E00 | 1.6E-0I * 1.5E00 *
B 405.75 | 20 * 6.9E-02 | 3.2E+01 1.4E00 | 7.9E0I * 7.4E-01 *
F 412.36 | 20 * * * * *
25 * * 3.4E00 * * * * *
30 * * 2.3E00 * * * *

*Below analytical detection limit

2.7E-02

* - Isotope activity not decayed, isotope half-life large enough no significant change has occured.
* - Elevation in feet above sea level for surface of borehole.
Blank indicates not tested for.

Source: Adapted from Miller and Wahlen 1987 (decayed to January 1993).
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Concentrations {pCi/g)
Sample Elev* . Depth
Location L{it]
=Py hiagiint [T “gr ] "Ry “Co “Eu Mee e “Euy w
116-F-t Liquid Waste Disposal Trench
6-A 413.78 L 72 * 7.6E-01 6.5£00 2.6E+01 7.6E+01 1.5E+01 1.5E+01 * 4,9£+01 3.56-01 1.9E-079
15 - 2.06E0 J.2E00 6.7E00 1.1E00 1.4€00 * 6.4E00 1.5E-02
27 3.0E00 8.6E-01 1.4E-01 1.7E-(1 1.5E-04 7.4E-01 2.9E-02
5B 403.88 10 * 20k 3t 2.0800 2. 1E+0 3.2e+0 4. 7EQQ 3.8€00 1.3€-03 1.7E+O1 4.7E-01
122 - e 2.3E00 2.0E+01 2.7EQO 3.7EOQ - 1.5E+01 6.7E-02
L2212 1.5E00 4.6E-01 3.6E-02 6.0E-02 1.7E-04 2.E01 6.66-03
g 414 .48 25 " . 1.5E00 - - * " * 1.0€-02
28 2.4E00 - - - - » .
60 408.9 5 . - 1.5EQ0 3.2E00 3.5E-00 3 1E-1 1.8E-04 7.4E00 8.6E-03
20 - 5.7 5.2E00 1.6E+01 3.5E+01 5.1E00 $.4E00 2.1E-03 2.38+01 9.1E-01 1.5E-00
25 . - 7.3E00 ' 1.6€-01 1.3E{).2 5.26-02 . 8.1E-02 *
116-F-4 Pivta Crip
4-A 410.2 ] 1.3E00 1.1E+02 2.0e+03 9.4E00 6.8EQO * J.4E+01 1.4E-01 3.7E+Q3 3.3E+01 1.3E00
12142 3.3E-1 2.9E+01 4.2E402 5.9€00 1.56-01 8.1E00 . 7.4E+402 2.4E00
20 - 7.2E-01 1.I1EH 2.4E-01 . . * 1.5E+01 2.98-02
4-B 411 5 - 1.1E-0% 5.0E-02 . . - . 4.0E-01 7.0E-03

(7 30 1 a%ed) waay f (0T Y} ul SIYDUAIJ UL SQIID) JAYIQ Ul SIUINJISUO)) IPIINUOIPEY




91-v

Concentrations (pCl/g)

Sample Elev.* Depth

Location LY
=Py TR =5 H WEy *Co WE, =Ce Wigy ™ Eu w
116-F-10 Pert Decamtamination French Drain
10-A 413.58 B | - - - * . * - C1.3E-02 .
10-B 414 12-1/2 - . 2.0E-1 7.3E+01 11E+02 4.1E+01 8.1E00 1.3E-03 | +1.2E+01 9.3E00 1.1E-01
| 17-142 " 4.3 1.1E-01 1.1E+02 6.5E+01. 1.8E00 23BN 5.0E+01 5.9€-02
27 - 87 4.6£-01 4.6E00 4.3ECQ 1.2E00 1.6E-04 2.8E+01 2.1E-02
0C 4142 | 20 . . . 1.4E-01 1.8E-02 . - - 1.9€-02
116-F 3 Fuel Storage Basin Trench
1A 414.3 13 . . 1.6E-02 . . . . . .
ik 414 20 . . 7.3E-02 5.4£-02 7AE-02 5.3E-03 * . . 1.0E-02
116-F-5 Ball Washer Crib
5A l 409.23 I S I . I . l 1 BE-02 I I . I L ] 1.4E-1 . 2.7E-02 1.5E-02 .
Tig-E-7 Cob .
7A I 404.28 I 10 l . I 1.0E-01 I 3.8E-02 | I 1.1E-01 I L I . . 2.2€-02 .
116-F-11 Cushion Corrid;); French Drain
105-F-A I 4131 I "5 ] > I . l 2.3E-01 I 1.5E-01 I 2.4EQ0 I 9.4€-02 l 3.1E-01 » 1.0E00 1.06E-93
132-F-6 Lift Station :
132-A ‘ 25 . 1.7E-01 1.3E00 1.2E+01 J9E+0 1.3E00 - 5.0E00 1.3E03 4.2E00 4.6E-01
; 30 * " §.4€-01 1.3€+01 4.4E01. 1.6E00 4.66-04 1.1E00 1.4€-01

*Below analytical detection limit.

* - Isotope activity not decayed, isotope half-life large enough no significant change occurs.

Biank indicates not tested for or data unavailable,

Note: Some data for sample locations C, D, and E were not availabie.

- Elevalion in feet above sea level for surface of borehole.

Source: Adapled from Dorlan and Richards 1976 (decayed 1o January 1993).
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